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PROCEEDINGS OF THE SOCIETY OF ARTS. 


FORTIETH YEAR, 1901-1902. 


Boston, March 27, 1902. 

THE 565th regular meeting of the Sociery oF Arts was held in 
the Rogers Building on this day at 8 p.m., Professor Talbot presiding. 
One hundred and twenty-two persons were present. 

Mr. William D. Grier, Secretary of the Boston Scientific Society, 
was elected to membership. The paper of the evening was by Mr. 
Walter E. Piper, Assistant Superintendent of the Boston Rubber 
Shoe Company, on “ India Rubber: A Description of the Crude Gum 
and its Manufacture.” The lecture was illustrated with slides, show- 
ing the various species of rubber trees, the method of collecting the 
gum, and various stages in the manufacture of rubber shoes. An un- 
usually complete collection of crude gums was shown. 


Boston, April 10, 1902. 
The 566th regular meeting of the Society or Arts was held in 
the Walker Building, Room 22, on this day at the usual hour, Pro- 
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fessor Sedgwick presiding. One hundred and fifty persons were 
present. 

Professor John O. Sumner of the Institute was elected to Asso- 
ciate Membership. 

Professor C. H. Benjamin, Supervising Engineer, City of Cleve- 
land, gave a most interesting lecture on “Smoke and its Abatement 
in Large Cities.” The lecture was illustrated by slides showing the 
smoking of chimneys in Cleveland before and after the introduction of 
automatic stokers and other smoke-consuming devices. Professor 
Benjamin’s paper will appear in the TECHNOLOGY QUARTERLY. 

At the conclusion of the paper of the evening, Mr. Russell Raynor, 
Inspector of Smoke in New York City, told of the methods used there 
by the Board of Health to abate the smoke nuisance, and enforce the 
smoke regulations. 

Through the courtesy of Mr. W. Lyman Underwood, a number of 
slides were shown of chimneys in Boston which are notoriously bad 
smokers. 

A vote of thanks was most heartily extended to Professor Benja- 
min, Mr. Raynor, and Mr. Underwood. 


Boston, April 24, 1902. 

The 567th regular meeting of the Society oF ArTs was held on 
this day at the usual hour, in Room 22, Walker Building, President 
Pritchett in the chair. Two hundred persons were present. 

Mr. Edwin E. Norton and Mr. George P. Shute were elected to 
Associate Membership. In accordance with the By-Laws, the follow- 
ing Committee were appointed by the President to nominate the Ex- 
ecutive Committee for the ensuing year: Professors Swain, Lanza, 
and Talbot, Mr. Bemis, and Dr. Walker. 

At the conclusion of the business, the Honorable E. J. Hill, Mem- 
ber of the United States House of Representatives, was introduced 
and gave an admirable lecture on “A Trip through Siberia.” The 
lecture was followed with the greatest interest by those present, and 
their appreciation was shown in the hearty vote of thanks extended to 
the speaker. 
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Boston, May 8, 1902. 
The 4oth Annual Meeting (the 568th regular meeting) of the 
Society OF ARTs was held at the Institute, Walker Building, on this 
day at 8 p.m., Dr. Pritchett in the chair. 
Two hundred and twenty-five persons were present. The Annual 
Report of the Executive Committee was read and accepted. 


ANNUAL REPORT OF THE EXECUTIVE COMMITTEE PRESENTED AT THE FORTIETH AN- 
NUAL MEETING OF THE SOCIETY OF ARTS, May 8TH, 1902. 


The first meeting of the Socrery oF Arts for the present year was held on October 10, 
1901. Fourteen meetings have been held, with an average attendance of two hundred and 
sixteen. 

During the last three years there has been a steady gain in the attendance, which has 
reached this year three times that of any corresponding period since 1875. Another feature, 
most gratifying to the Executive Committee, is the increased interest manifested by the 
students of the Institute in these meetings. 

The following papers have been read: — 

“The Olympia: A General Description of this Famous Ship, and a Discussion of the 
Development of Cruisers during the Past and the Tendency to Future Progress." Naval 
Constructor William J. Baxter, U. S. N. 

‘* Present Condition of American Railroads as Compared with the Period of Depression, 
1893-1898.”" Professor William Z. Ripley, Expert Agent on Transportation, U.S. Industrial 
Commission. 

‘*The Importance of Catalytic Agents in Chemical Processes.” Professor Arthur. A. 
Noyes. 

“The Development of the Nernst Lamp in America.” Mr. Alex. J. Wurts, Manager 
Nernst Lamp Company. 

“*The Development of Locomotive Boilers, with Particular Reference to the Vander- 
bilt Boilers.” Mr. Cornelius Vanderbilt. 
> Professor George E. Hale, Director Yerkes Observatory. 

‘**Utilization of Electricity in Mines.” Mr. Calvin W. Rice, Electrician, New York 
Edison Company. 


‘*The New Star in Perseus.’ 


‘*Some Features of the Isthmian Canal Question." Professor W. H. Burr, Member 
U.S. Commission on the Isthmian Canal. 

‘‘ Engineering in China.’’ Mr. William Barclay Parson, Chief Engineer, New York 
Subway. 

‘* Aluminum as a Reducing and a Heat-Producing Agent.” Professor Heinrich O. 
Hofman. 

‘* India Rubber: A Description of the Crude Gum and its Manufacture.”” Mr. Walter 
E. Piper, Assistant Superintendent, Boston Rubber Shoe Company. 

‘‘Smoke and its Abatement in Large Cities.’? Professor C. H. Benjamin, Supervising 
Engineer, City of Cleveland, Ohio. 

‘‘A Trip through Siberia.” Hon. E. J. Hill, Member of the United States House of 
Representatives. 

‘* Success in Long-Distance Power Transmission.” Dr. F. A. C. Perrine, President of 
the Stanley Electric Manufacturing Company. 

At the beginning of the year, the Associate Membership was three hundred and fifty- 
four. Of these members one has died, five resigned, one cancelled; twenty-two elected, 
making the present membership three hundred and sixty-nine. There are thirty-eight Life 
Members. 
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The Publication of the TECHNOLOGY QUARTERLY has been continued, as before, under 
the auspices of the Socrery oF Arts. There has heen a regrettable difficulty in obtaining 
manuscripts of papers read before the Society. Nevertheless, the QUARTERLY has not lacked 
material, and has published contributions from a considerable number of the departments of 
the school. One of the most notable of these contributions is the “ Report of the Massa- 
chusetts Institute of Technology Eclipse Expedition to Sumatra in 1901,” by Professor 
Burton and Messrs. H. M. Smith, G. L. Hosmer, and G. H. Matthes. Another important 
contribution from the Civil Engineering Department is “ Tests of the Massachusetts In- 
stitute of Technology Tape Apparatus,” by Professor Burton and Mr. John F. Hayford of 
the United States Coast and Geodetic Survey. The Mechanical Engineering Department 
contributed the usual quota of ‘ Results of Tests” during the summer, and also a paper by 
Mr. J. C. Riley, on ‘‘The Pulsometer Steam Pump.” From the Physical Department we 
have a paper by Professor Laws, on “An Apparatus for Recording Alternating Current 
Waves,” and one by him and Dr. Cooledge on ‘‘ An Apparatus for the Rapid Comparison 
of Voltmeters.” The Chemical Department has furnished three ‘‘ Contributions from 
the Laboratory of Sanitary Chemistry ’’ by Mrs. Richards, Mr. Woodman, and Miss Hyams, 
a paper by Professor Gill and Mr. Healey on ‘‘Some Thermal Properties of Naphthas and 
Kerosenes,” and the ‘‘ Review of American Chemical Research,” edited by Professor 
Noyes, to December. It was found impracticable for the Chemical Department to continue 
the preparation of the Review and its publication was discontinued with the issue of the 
December number of the QUARTERLY. Mr. Winslow has contributed from the Biological 
Department a report on “ Typhoid Fever at Newport, R. I., in 1900, and its Relation to De- 
fective Sanitation,’’ and we have had from Mr. Prescott a paper, “On the Application of 
Bacteriology to Certain Arts and Industries.” The contributions from the Geological De- 
partment are two papers by Professor Crosby, one on “ Tripolite Deposits of FitzGerald Lake,’’ 
and the other on the ‘‘ Geological History of the Hematite Iron Ores of the Antwerp and 
Fowler Belt in New York,” and Mr. F. G. Clapp’s thesis on the “ Geological History of 
the Charles River.” Messrs. Whipple and Jackson have continued their important series of 
papers on methods of water examination, and Mr. William Lincoln Smith has furnished a 
second part of his valuable ‘‘ Study of Certain Shades and Globes for Electric Lights as 
used in Interior Illumination.” 

GEORGE W. BLODGETT, > 
DESMOND FITzGERALD, 
EDMUND H. HEwIns, \ Executive Committee. 


CHARLEs T. MAIN, 
JAMES P. MUNROE. 


The Secretary read a communication from the Committee on 
Nominations, in which the following gentlemen were named as candi- 
dates for the Executive Committee for the year 1902-1903: George 
W. Blodgett, Desmond FitzGerald, Edmund H. Hewins, Charles T. 
Main and James P. Monroe. Mr. George V. Wendell was nominated 
for Secretary. A ballot was taken, which resulted in the election of 
the above named candidates. 

Professor James F. Norris was elected to Associate Membership. 

The following papers were presented by title : 

«A Study of Self-Purification in the Sudbury River,” by A. G. 
Woodman, C. E.-A. Winslow, and P. Hansen. 
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“On the Use of Gelatin in Culture Media,” by G. C. Whipple. 

‘Origin and Relations of the Auriferous Veins of Algoma 
(Western Ontario),”” by W. O. Crosby. 

‘History of Elements of the Argon Group,” by H. P. Talbot. 

Dr. F. A. C. Perrine, President of the Stanley Electric Manufactur- 
ing Company, gave a most valuable and interesting lecture on “‘ Success 
in Long-Distance Power Transmission.” The paper will appear in 
full in June number of the Quarrerty. The thanks of the Society 


were extended to Dr. Perrine. 


GEORGE V. WENDELL, Secretary. 
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THE EFFICIENCY OF PHOTOGRAPHIC SHUTTERS. 
By LOUIS DERR. 


Received June 26, 1902. 


CAMERA exposures longer than one-fifth of a second can be made 
by uncapping the lens, but below this limit some form of automatic 
shutter is necessary. In photographing objects in motion the allow- 
able displacement of the image (generally 0.01 inch) usually limits 
the exposure to a very small fraction of a second; and in such cases it 
is often a matter of considerable difficulty to get enough light upon 
the plate, even under favorable conditions. 

A part of the difficulty is in the loss of light due to the action of 
the shutter itself. ‘In all rapid shutters working at the lens, a large 
portion of the time of exposure is consumed in opening to full aper- 
ture and then in closing, the time during which the shutter is fully 
open being a rather small fraction of the whole. During the opening 
and closing periods the lens is only partly uncovered, and therefore 
works at a virtually smaller aperture, with corresponding loss of light. 
The so-called ‘focal plane”’ shutters are free from this objection, but 
have the disadvantages of an undesirable bulk and certain intricacies 
of manipulation. These shutters operate directly in front of the plate. 
The moving part is a curtain like a miniature window-shade, having an 
adjustable slit across the whole width of the plate, and worked by a 
controllable spring. 

Shutters working at the lens may be divided into two classes. In 
one class the shutter blades open and close just before or behind the 
diaphragm, but are entirely independent of it. In the other class, the 
so-called “diaphragm”’ shutters, the blades themselves form the dia- 
phragm, opening only to the desired size of aperture, as determined by 
a suitable index. 

The efficiency of a shutter of any type may be defined as the ratio 
L/L', where Z is the amount of light actually admitted during ex- 
posure, and ZL’ the quantity which would have been admitted if the 
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shutter had opened instantly to its full aperture, remained wide open 
during the entire exposure, and then closed instantly. Since this con- 
dition cannot be realized by a shutter working at the lens, it follows 
that the efficiency of all such apparatus is less than unity. The dis- 
cussion of the value of this fraction, often disappointingly small, is 
the object of this paper. 


As a rule, the analytical determination of the efficiency is not diffi- 
cult for plain forms of shutter aperture when the law of motion is a 
simple one. A few cases follow: 

Case I. Let a rectangular shutter ad (Figure 1) move past an 
opening of the same length. Let x represent the distance moved in 
¢ seconds, counting from.the instant of opening. Then the area 
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FIG. 1.— RECTANGULAR SHUTTER. 


bx is the aperture at the instant ¢; and if the quantity of light that 
passes through unit area per second be denoted by /, the quantity that 
will pass through the aperture in the time dt will be 


AL=G2t dt. 


The total quantity of light admitted during the opening can be 
found from this if the relation between ¢ and +x is determined ; that is, 
if the law of motion is known. Assuming in the present case that the 
motion is uniform, we have 


C5 Bik DS DT 


where 7 is the time required to open fully, and substituting for ~ its 
value in terms of 4, 
rT 
1 - 
tdt= — abl, 
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Since light is admitted during the whole time 7, it follows that if 
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the shutter had been fully open from the beginning, the total quantity 
would have been 


Li =zeb fT. 


A similar analysis holds for the act of closing. The efficiency of 
this form of shutter is therefore 


7 = 0.500. 


Case II. Let the length c of the shutter be greater than the 
length a of the opening past which it moves. Then the following 
quantities of light will be admitted : 


: 1 
During opening, — a d/J T, 
2 


While fully open, a 6 / ( Cote ) ce 
a 
During closing, = ably?. 


Therefore LZ =adJ ( i+ ae i 
a 





L'=abl(2t——)r 


a 


The efficiency is consequently 


Cc 





7 = 
c+a 
Thus for high efficiency ¢ should be considerably greater than a. 
This is the principle of curtain shutters working at the lens. 
Case III. If the aperture is a circle moving past another circle of 
the same radius R (Figure 2), then while partially open the aperture 
is composed of two circular segments. Therefore 


aL =2 R? (x— sin «cos «) J di. 
If the motion is uniform, we have 
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Substituting for ¢ its value in terms of « and integrating between 
the limits 7/2 and o, we obtain for this form 


n = 0.4244. 


Case IV. If this shutter can be arranged to open uniformly dur- 


ing Z seconds, remain fully open during Z seconds more, and then 
close uniformly during a third interval of 7 seconds, the efficiency 
rises to 


-n = 0.616, a noticeable gain. 


In various types of shutter substantially the same result is obtained 
by using blades of large aperture moving over a smaller opening, as 


indicated by the small circle in Figure 2. In this way full opening is 
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¥iG. 2.— SHUTTER WITH CIRCULAR APERTURE. 





realized during a considerable portion of the exposure. This is il- 
lustrated by the seventh photograph of Figure 3. 


In other words, the 
efficiency is higher for small stops. 


This at once suggests that for a 
given lens an increased shutter efficiency might be secured by using 
a shutter one or two sizes larger than necessary, and stopping it down 
with a diaphragm. The objection to this is the difficulty of getting a 
large shutter to work at the speed sometimes required. 


J Case V. Diaphragm shutter. In this case let the radius of a 


circular aperture increase uniformly from zero to the maximum 


value R, and then decrease uniformly to zero again. Then at ¢ 


seconds from the beginning the open area is w/*, and the quantity 
of light admitted through it in the time dt is 


aL—rr I dt. 
Also. #5 7 3 tk 
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FIG. -3.-—— THE APERTURES OF VARIOUS SHUTTERS PHOTOGRAPHED IN SUCCESSIVE 


STAGES OF OPENING AND CLOSING. 
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Substituting for v its value in terms of ¢, and integrating between 
the limits of 7 and o, we have, for the total quantity of light admitted 
during opening, 

1 re 
L=,7 R/T. 


The total quantity which would pass through an opening 7 X? in 
the time 7 is 
L’ == wR I T. 


A similar analysis holds for the closing ; hence, for this form, 


n = 0.333. 


Cases VI anp VII. If the mechanism is arranged to keep the 
shutter fully open during part of the exposure, the above low value 
may be greatly increased.. If the shutter remains open for an ad- 
ditional time 7, the efficiency becomes 0.444. If the time of full 
opening be extended to 27, the efficiency rises to 0.647. This is the 
principle of several recent patterns of diaphragm shutter, and is il- 
lustrated by the fifth photograph of Figure 3. 

Cases VIII ann IX. When the law of motion is less simple, 
the analysis becomes more intricate, though hardly less elementary. 
If the shutter of Case I moves with uniformly accelerated motion, 
starting from rest at the instant of opening, the efficiency will be 
found to be 0.391. The diaphragm shutter of Case V, with uni- 
formly accelerated motion as above, has its efficiency lowered to 
0.248. 

This reduction of efficiency shows that the loss due to slow opening 
is not made up by the gain from rapid closing. It also indicates as a 
direct consequence that a shutter should be designed for rapid open- 
ing, and in such cases the closing will generally take care of itself. 
Most of the shutters examined by the writer require much less time 
for closing than for opening. 


Numberless examples might be worked out, but their practical 
vaiue is doubtful, since in the concrete case a knowledge of the cir- 
cumstances of motion cannot well be assumed, and the variation in 
size of the shutter aperture during opening or closing certainly does 
not follow any simple law. The above analysis is therefore chiefly 
useful as an indication of the lines along which high efficiency is to 
be expected. 
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To examine the performance of a given shutter it is necessary to 
have a record of the various phases of its motion during the whole ex- 
posure, and this requires a series of photographs of the shutter aper- 
ture at regular and very short intervals. To obtain these the writer 
has employed the apparatus shown in Figure 4. A mirror throws a 
beam of sunlight upon the shutter to be examined, the lens glasses, if 
any, having been removed. A large lens forms an image of the 
shutter aperture on a strip of photographic film wound on a small 


drum. This was rotated by a little electric motor at a rim speed of 
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Fic. 4.— THE PHOTOGRAPHIC APPARATUS. 


about twenty feet a second. The apparatus was set up in a dark room, 
the sunbeam coming through a hole in the wall. 

Snapping the shutter of course gives on the motionless film an 
image of the aperture, but if the drum is rotating rapidly, the image is 
drawn out into a long band whose width at any point is a measure of 
the shutter-aperture at the corresponding instant. The upper photo- 
graph of Figure 3 is sucha record. It is similar to diagrams given by 
Abney. 

In diaphragm shutters the aperture is always a regular polygon 
and a measurement of the width of the band at equal intervals gives 
all that is necessary to determine the area of the aperture at every 























The Efficiency of Photographic Shutters. 247 


point of the exposure. These areas when plotted give a curve like that 
of the upper curve of Figure 5. Since the perfect shutter would be 
represented by a rectangle of the same base and height, the efficiency 
of the given shutter can be found by dividing the area of the curve 
(measured with a planimeter) by that of the enclosing rectangle. 
When, however, the partly open shutter blades do not form a figure 


to break up the continuous record into a series of separate images. 
This was done by the perforated disc shown in Figure 4. _ It has thirty- 
six holes near the rim, and is carried on the shaft of a second electric 
motor. It was placed so as to intercept the light from the lens except 
when a hole lay directly in the axis of the beam. The average speed 
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Fic. 5.— CURVES SHOWING THE CHANGES IN AREA OF APERTURE OF TWO SHUTTERS 
DuRING EXPOSURE. 


of the rotating disc was 515 holes per second, thus giving five or six 
images of the shutter for an exposure of 0.01 second, and correspond- 
ingly more for longer exposures. 

The remaining photographs of Figure 3, except the seventh, are 
from records taken in this way of various shutters at full opening. 
The seventh is of a shutter at small opening. The rapid motion of 
the film blurs the images somewhat, though each represents an ex- 
posure of not over 0.0005 second. On the original films, however, the 
outlines are perfectly traceable and it was not found necessary to 
adopt more elaborate arrangements of the apparatus. The curious 
shapes of the apertures during the partial phases are well shown. 

These images, from five to twenty in number for each film, were 
then measured by planimeter, and the areas plotted as before. The 
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lower curve of Figure § shows one such result, from a record like 
that of the seventh photograph of Figure 3. 

In this way thirteen shutters were examined, and about one hun- 
dred films used. The shutters were as follows : 

A. Two-blade shutter, working at the diaphragm. 

B. Smaller size of A. 

C. Four-blade shutter, working at the diaphragm. 

D. Smaller size of C. 

E. Two-blade pass-by shutter, working at the diaphragm. 

F. Smaller size of D. 

G. Diaphragm shutter. 

H. Slightly smaller size of G. 

I. Curtain shutter, working in front of lens. 
Two-blade shutter, working at the diaphragm. 


— 


K Diaphragm shutter. 

L. Single-blade pass-by shutter, working in front of lens. 

M. Single-blade shutter, for insertion into the lens tube. 

Of the above, L and M are of obsolete pattern. All the others are 
on the market. 

The results of the measurements are given in the following table. 
For speeds between 0.01 and 0.04 second the efficiency varies ir- 
regularly, even in the same shutter, and not very markedly, so that it 
has been found sufficiently accurate to average results between these 
limits and to omit the speed altogether from the table. No attempt 
was made to measure the efficiencies at speeds below 0.06 second, as 
at slow speeds the efficiency is always very high and a knowledge of 
it not usually of importance. The figures 1, 2, 3, 4 at the heads 
of the columns in the table represent, as nearly as may be, full 
opening, one-half, one-quarter and one-eighth of the full area. 
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TABLE OF EFFICIENCIES 


SHUTTER, 1 


3 4 

A 0.484 0 627 0.745 

B 0.494 0.583 0 731 0.755 
Cc | 0.491 0.609 0.693 0.772 
D 0.645 0.697 0.735 0.846 
E | 0.546 0.702 0.820 ° | 

F | 0.492 0.694 | 0.802 | 

G 0.457 0.555 

H 0.465 | 

I 0.724 0.746 0.782 | 

J | 0.652 0.765 | 

K | 0.400 0.406 0.511 

L | 0.261 | 

M 0.603 


A very definite conclusion from the above table is that even the 
best shutters sacrifice a large part of the light-gathering power of the 
rapid lenses now so much used. It would therefore seem that effort 
should be directed to the improvement of the shutter rather than the 
lens. 

The above method for measuring efficiency also gives the actual 
speed of the shutter with a fair degree of accuracy, provided that 
the speed of the perforated disc is known. In the experiments the speed 
was determined by using the disc as a siren and comparing it with 
standard tuning-forks. The result obtained in this way, however, is 
not a trustworthy measure of the shutter speed as affecting a photo- 
graph. Every aperture, no matter what its size, will be recorded on 
the film; but the light through the very small apertures at the be- 
ginning and end of the exposure, when the shutter is used in the 
regular way, will be quite without effect when spread out over a plate. 
In other words, the above method may be expected to give speeds that 
are too slow. In cases like No. 5 of Figure 3 there was a close agree- 
ment with the results of other methods. In shutters working as 
illustrated in No. 4 of Figure 3, the discrepancy was marked, as was 
expected. 
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Gerard H. Matthes. 


THE UNITED STATES GEOLOGICAL SURVEY TOPO- 
GRAPHIC SLIDE RULE. 


By GERARD H. MATTHES, S.B. 
Received May 30, 1902. 


In designing this instrument the writer has had in mind more par- 
ticularly the needs of the topographic branch of the United States 
Geological Survey. In the performance of what may be called their 
routine work, the topographers and their assistants are called upon to 
make a large number of computations, many of which involve trigono- 
metric functions, and for the facilitation of which various forms of 
tables have been in use. However excellent and convenient tables of 
this kind may be, they all possess the objectionable feature of being 
made of paper, making their manipulation out of doors a continual 
source of annoyance. The futility of trying to do rapid work while 
being compelled to look up data in a book the pages of which are be- 
ing blown by the wind, and the effects of such agencies as damp 
weather, sweaty hands, and scorching sun on paper articles of any 
kind, are facts too well known to be dwelt upon. 

For the last four years the writer has made use of a metal slide rule 
manufactured by Kern and Company, for reducing stadia observations 
in connection with large-scale plane table surveys in the west, and has 
found the instrument to be vastly superior for stadia reductions to 
tables and diagrams, not only as regards ease of manipulation, but par- 
ticularly as regards speed in attaining the desired results. Unlike 
paper articles, this compact german silver instrument never becomes 
disagreeable to handle, and unlike celluloid-faced wooden slide rules, it 
is unaffected by changes of temperature or by the humidity of the air. 
The saving of time effected by the use of this instrument has enabled 
the writer to carry on plane table surveys under conditions that com- 
pelled him to reduce his field party to a minimum, one rodman only 
aiding him in the work of surveying. At such times he has made the 
reductions on the spot, dispensing with the services of a station as- 
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sistant without experiencing appreciable loss of time. He has found 
it possible to carry on work in windy weather, when the only articles 
that could be kept on the plane table were the alidade and the 
slide rule, the angles being taken down and the figuring done on the 
wrapping paper covering the unused portions of the map. Had tables 
or diagrams been used at such times, the services of a station assistant 
would have been required or much precious time would have been 
wasted, 

To overcome the limitations of the Kern rule and make an instru- 
ment adaptable to plane table work on any scale and for any contour 
interval, has been the object of the writer in designing the slide rule 
here illustrated. Modeled after the pattern of the Kern rule, it is pro- 
vided with a slide and a rider, the slide bearing graduations on both 
faces and being reversible, while the rider is also graduated. The rule 
is made of german silver, is 10} inches long, and weighs 11} ounces. 
[t is handsomely finished and is a model of careful workmanship, reflect- 
ing great credit on the manufacturers, Messrs. Kern and Company, of 
Aarau, Switzerland. Being specifically intended for field use, it is con- 
structed of metal, it being a well known fact that no rule made of wood 
and celluloid remains true for any length of time when constantly 
exposed to atmospheric agencies. While it is incontrovertible that 
graduations on celluloid are by far more easily read than those on 
metal, experience has proved that graduations on metal when made 
sharp and clear, as they are in this instrument, stand forth very 
plainly in broad daylight out of doors, and no case has come to the 
writer’s notice where difficulty has been experienced in reading the 
eraduations. 

In order to demonstrate the uses for which this instrument has 
been designed, a brief outline is here given of the problems which 
occur in such plane table work as is done by the United States Geo- 
logical Survey. These problems, which have been referred to above as 
constituting the routine work of the topographers, demand immediate 
solution in the field. 

The operations may be classed under two heads: Vertical angle or 
intersection work, and stadia work. In the former, prominent features 
are located on the map by intersection from two or more known points, 
vertical angles being determined in each instance. The vertical dif- 
ference of elevation between each point of observation and the new 
point is then computed by multiplying the horizontal distance (scaled 
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from the map directly) by the tangent of the angle, and applying 
corrections for the effects of curvature of the earth, refraction of the 
atmosphere, and the height of the telescope above the ground. Com- 
putations of this character are made for each observation, thus afford- 
ing a reliable check upon the elevation of the new point. 

It will be noticed at once that these computations are not simple. 
The distance scaled from the map is obtained in terms of miles. The 
difference of elevation required must be in feet. Effects of curvature 
and refraction are variable quantities. It is essential that the correct 
functions be used in computing these corrections, for no rule of thumb 
or approximate method can be relied upon to give accurate results. 
Obviously, rapidity in making the various reductions is a prime requi- 
site in the economic conduct of field operations, and tables and dia- 
grams of different kinds have therefore been in use by the United 
States Geological Survey, which materially shorten the arithmetical 
work involved, and which also have the great advantage of being sim- 
ple in their application. This renders it possible for men of mediocre 
school education and unacquainted with trigonometric functions to be- 
come, with comparatively little training, valuable field assistants. This 
is a feature of much importance, particularly in surveys in the Western 
States, where the average topographer finds at the commencement of 
each season’s work that he has to break in a raw lot of cowboys and 
such other men as he may be able to pick up, all of whom are entirely 
unacquainted with the work. 

The other class of work referred to above, in which distances and 
elevations are determined by the stadia method, is too well known 
to require description here. In the general topographic work of the 
Survey its use is chiefly confined to stadia traversing and large-scale 
surveys of reservoir sites or mining districts. The reduction of stadia 
observations is also performed with the aid of tables. The formulz 
involved are as follows : 


: as : sin 2A 
Vertical difference of elevation = 100 R ———— 
Zz 
Correction to distance for incli- 
nation of line of sight = 100 R cos? A 


where & is the rod reading in feet, and A the vertical angle read toa 
point on the rod at a height above the ground equal to the height of 
the instrument. These formulz do not take into account the correc- 
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tions for focal length and the distance of the objective from the center 
of the instrument, but these are so small as to be negligible. 

In intersection work distances occur from a fraction of a mile up 
to 15 miles or more; distances exceeding 10 miles are avoided, how- 
ever, since an error of one minute in the vertical angle will affect the 
elevation 16 feet at a distance of 10 miles, and 23 feet at a distance 
of 15 miles, while the uncertainty of refraction for such distances be- 
comes very great. The vertical angles are usually small, except in 
canyon or high mountain topography. 

In stadia work distances are short, rarely exceeding 2,500 feet, 
while, on the other hand, the vertical angles are as a rule larger than 
in intersection work, though seldom exceeding 30 degrees. 

The slide rule is capable of making all the operations described, 
and while it is not expected that it will entirely replace the tables now 
in use, it is believed that many topographers will prefer it as being 
more rapid and serviceable than any existing tables. In canyon and 
high mountain topography, however, where vertical angles of great 
amplitude are frequent, tables will be found more satisfactory. 

Following is a description of the graduated scales of the rule : 

Scale A contains the logarithms of common numbers from log I 
up to log 100, plotted from left to right toa scale of log 10 = 12.5 c.m., 
and is to be used as a scale of distances in feet. 

Scale B contains the same graduations as Scale A, the difference 
being that the initial point is at a different place. The arrangement of 
the two scales with respect to each other is such that distances on 
Scale B in terms of mz/es, correspond with their equivalents in terms 
of feet on Scale A, thus providing a convenient means of conversion 
from one unit of length into the other. Scale B commences with a 
distance of 0.19 mile and ends with 19 miles. _ 

Scales C and D, marked “ Vertical Angles,” are provided with gradu- 
ations corresponding to the logarithmic tangents of angles, and are 
plotted from right to left, being negative quantities. Scale D com- 
mences on the right with 00° 03' 30’ and ends with 05° 4o’ ; Scale C 
duplicates these angles from 00° 35’ to 05° 40’, and carries the gradua- 
tions up to 30° oo’. Asterisks have been placed opposite indices used 
for reading the differences of elevation on Scale E; their use will be 
explained further on. They are of importance in another connection, 
however, as they indicate the angles for which the differences of 
elevation are respectively 0.001, 0.01, and 0.1 times the horizontal 








254 Gerard H. Matthes. 


distance, taking them in order from right to left; and if imagined 
projected on Scale C they represent the angles for which the differ- 
ences of elevation likewise are 0.01, 0.1, and I times the horizontal 
distance. In this manner they are a valuable aid in determining the 
location of the decimal point when reading difference of elevation. 

Scale E is identical in all respects with Scale A, and is to be used 
for obtaining the vertical difference of elevation between the point 
occupied by the instrument and the point sought, as hereinafter 
explained. 

Scale F. In the construction of this scale use was made of the 
formula D, = JC—R + 4:5 in which D,, is the horizontal dis- 

0.574 

tance in miles, C and R the corrections in feet for curvature and 
refraction, respectively, while the quantity 4.5 is a constant positive cor- 
rection for the height of the telescope above the ground, the assump- 
tion being that as a rule this height is in the vicinity of 4.5 feet. The 
second member of the equation is always positive. The graduations 
on Scale F are merely the logarithmic distances in miles corresponding 
to corrections in even feet, and are plotted on the same basis as the 
distances in miles on Scale B. Scale F, therefore, gives the correc- 
tion for curvature, refraction, and height of instrument combined, for 
any distance (in miles) on Scale B, commencing with a correction of 
6 feet for a distance of 1.62 miles, and ending with a correction of 200 
feet for a distance of 18.45 miles. For any distance less than 1.5 
miles, the correction may be taken as + 5 feet. 

Scale G (on the rider) contains the logarithms of the squares of 
cosines of angles from 0° to 40°. Being negative, they are laid off 
from right to left. The first graduation to the left of the o° mark 
represents an angle of 4°; the succeeding ones stand for 6°, 8°, 10°, 
etc., up to 20°, from which point on the graduations represent single 
degrees. 

Scales H and I, marked “ Stadia Angles,” are on the reverse side 
of the slide and do not appear in the illustration. They are similar in 
character to Scales C and D described above, and contain the logarithms 
of } sin 2A, where A is the vertical angle in stadia observations. The 
statements made in regard to Scales C and D apply equally to Scales H 
and I, except that the graduations on Scale I extend from 00° 03’ 30” 
to o5° 45’, and on Scale H from 00° 35’ to 40° oo’. The asterisks 
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are placed as before, and will also be found useful in determining the 
position of the decimal point in obtaining the difference of elevation. 

The o° mark of Scale G, the pointers of the rider, and the index on 
the lower portion of the rider are in line with one another. This line 
is at right angles to the axis of the rule, and serves to project readings 
from any one scale to any other. 


DIRECTIONS FOR USING THE SLIDE RULE. 


1. Given the distance to a point in feet, to convert the same into 
miles, OY Vice Versa. 

To convert feet into miles, set the 0° graduation of the rider oppo- 
site the distance in feet, 2,350 feet in the illustration, and read the 
answer 0.445 mile on Scale B, opposite the pointers. The same result 
could also have been obtained by using the left portion of the rule. 
In either operation the position of the decimal point is determined 
mentally. 

2. Given the distance to a point in mz/es, required the correction 
for curvature and refraction, and for height of instrument. 

Set the pointers of the rider opposite the distance in miles on Scale 
B, and read the desired correction on Scale F opposite the index on the 
lower limb of the rider. Thus in the illustration, for a distance of 
4.45 miles the correction is found to be nearly 16 feet. The gradua- 
tions on Scale F hold good only for distances in miles using Scale B 
without shifting the decimal point. 

3. Given the distance to a point in mz/es, and the vertical angle, 
required the difference of elevation in feet, neglecting corrections for 
curvature, refraction, and height of instrument. 

The pointers of the rider are brought opposite the given distance 
in miles on Scale B. The slide bearing the graduations marked “ Verti- 
cal Angles” is then moved until the desired angle is brought opposite 
the pointers of the rider, as for instance in the illustration, a distance 
of 4.45 miles on Scale B, and an angle of 17 minutes on Scale D. The 
difference of elevation in feet, 116, is then obtained from Scale E by 
reading opposite any one of the asterisks of Scale D. It will be noticed 
that with the same position of the slide, the angle 2° 50! is brought 
opposite the pointers. The difference of elevation for this angle and 
the same distance is therefore read the same way, only the result is 
ten times as large, or 1,160 feet, which is within 2 feet of the com- 
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puted answer. The topographer will rarely be in doubt as to the posi- 
tion of the decimal point in obtaining his answer, as a glance at the 
topography will determine whether the result should be 116 or 1,160 
feet. However, should a doubtful case arise, the correct reading may 
be determined readily by remembering that for any angle between 
00° 03’ 30’ and 00° 34! the difference of elevation will range from 
0.001 to 0.01 times the distance in feet ; likewise for angles between 
00° 34’ and os° 43/ it will range from o.o1 to 0.1 times the distance 
in feet, and for angles between 05° 43' and 45° oo’ the range will 
be from 0.1 to 1 times the distance in feet. The positions of the 
asterisks will be found a great aid in remembering these points. 

Attention is called to the fact that the correction for curvature, re- 
fraction, and height of instrument for the distance in question may be 
read off as explained under (2), without further manipulation of the 
instrument. 

4. Given the stadia rod-reading in feet and the vertical angle toa 
point, required the difference of elevation in feet. 

The o° graduation of the rider is brought opposite the stadia rod- 
reading in feet on Scale A. Reversing the slide and having the side 
marked “ Stadia Angles” uppermost, use it in precisely the same 
manner as before, reading the difference of elevation on Scale E, oppo- 
site any one of the three asterisks of Scale I. As in the preceding 
case the angle may occur either on the upper or lower scale of that 
side of the slide. The position of the decimal point may be de- 
termined again by noting that for vertical angles between 00° 03' 30” 
and 00° 34! the difference of elevation will range from 0.001 to o.cI 
times the rod-reading ; for angles between 00° 34/ and 05° 46’ it will 
range from 0.01 to 0.1 times the rod-reading, and for angles be- 
tween 05° 46’ and 45° oo’ it will range from 0.1 to } times the rod- 
reading. 

5. Given the stadia rod-reading in mz/es and the vertical angle to a 
point, required the difference of elevation in feet. 

The problem is the same as the preceding, except that the stadia 
rod-reading is in terms of miles and Scale B is to be used instead of 
Scale A, the remainder of the process being the same. 

6. Given the stadia rod-reading and the vertical angle to a point, 
required the correct horizontal distance. 

This problem usually occurs in connection with either of the pre- 
ceding cases and may be solved without further manipulation of the 
rider after the latter is set for their solution. 
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When the rod-reading is in feet, read Scale A opposite the vertical 
angle in question on Scale G of the rider, marked “Cor. Hor. Dist.,” 
the result being the correct horizontal distance. 

When the rod-reading is in miles, note the point on Scale A op- 
posite the vertical angle on Scale G and move the 0° graduation to it, 
when in so doing the pointers will be brought opposite the correct 
horizontal distance in miles on Scale B. 


PRECISION. ‘ 


The graduations on all the scales, with the exception of the one for 
curvature, refraction, and height of instrument, being logarithmic 
quantities plotted to a certain unit scale, the distances between gradu- 
ations vary from point to point, requiring 
of subdividing in order to maintain clearness. 
is that the precision is different for different 
ing with the spacing of the graduations. 


changes in the manner 

The consequent result 
parts of the scales, vary- 
An inspection will prove, 
however, that the resultant degree of precision for any particular oper- 
ation of the instrument is always greatest where most required, 2.¢., 
for cases of most frequent occurrence, while it is less for cases of rare 
occurrence. Thus, for a distance of 5.78 miles scaled from a map, 
and an angle of + o1° 02’, a common observation in topographic work 
such as is daily being done by topographers of the United States Geo- 
logical Survey, the rule will give a difference of elevation of 550 feet 
at a point on the scale where single feet may readily be estimated, 
and a correction for curvature, refraction, and height of instrument of 
24 feet, readily obtained without interpolation, from which the result- 
ing difference of elevation of the point sought becomes 574 feet, z.¢., a 
result the correctness of which to the nearest foot leaves no doubt. 
Again, for a distance of 0.85 mile and an angle of — 6° 04’ the rule gives 
a difference of elevation of 477 feet, which corrected for height of in- 
strument by the amount of 5 feet, the effect of curvature and refrac- 
tion being very small for that distance, reduces the final difference of 
elevation to — 472 feet, a result reliable in all respects to the nearest 
foot. 

On the other hand, cases may occur, though the exception rather 
than the rule, where a distance is observed of say 3.65 miles and a 
vertical angle of 20° 10’. The computed difference of elevation, neg- 
lecting effects of curvature and refraction, in this instance, is 7,078 
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feet, but the slide rule will give the result to only the nearest 10 feet, 
7,070 or 7,080 feet, according to estimation. In other words, in ob- 
servations of this character the rule can not be relied upon to give the 
answer within less than ro feet. An error of this magnitude, how- 
ever, in an observation of the kind mentioned, can not be considered 
serious, as the very nature of the observation is not conducive to any- 
thing more than approximate results; and it may safely be said that 
any topographer who carries on work of this character is doing very 
well if his elevations will check to within 10 feet by means of tables 
or by direct computation. 

The range of precision attainable with the slide rule is best shown 
by means of the following tables : 


STADIA WorK. 














Distances. Angles Elevation reads to nearest 
up to 11° 40/ foot, estimating fractions. 
500 feet up to 26° 30/ 2 feet, estimating single feet. 
up to 45° 00/ 5 feet, estimating single feet. 
up to 05° 45/ foot, estimating fractions. 
1000 feet up to 11° 40/ 2 feet, estimating single feet. 
up to 45° 00/ 5 feet, estimating single feet. 
| 
| up to 02° 50/ foot, estimating fractions. 
| up to 05° 45/ 2 feet, estimating single feet. 
2000 feet 
up to 15° 00/ 5 feet, estimating single feet. 
up to 45° 00/ 10 feet, estimating single feet. 
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| 
INTERSECTION Work, (Tangents). 
Distances. | Angles Elevation reads to nearest 
\ Pi —— feces 
up to 01° 05/ foot, estimating fractions. 
| 
| up to 02° 10’ 2 feet, estimating single feet. 
| 
1 mile | up to 04° 00/ 5 feet, estimating single feet. 
| 
up to 10° 40/ | 10 feet, estimating single feet. 
up to 18° 30/ | 20 feet, estimating 2 feet. 
| 
up to 00° 32’ | foot, estimating fractions. 
«fle | 
up to 01° 10/ | 2 feet, estimating single feet. 
) 3 miles up to 02° 43’ | 5 feet, estimating single feet. 
up to 05° 25/ | 10 feet, estimating single feet. 
-f - up to 10° 40’ | 20 feet, estimating 2 feet. 
up to 00° 13’ foot, estimating fractions. 
| up to 00° 26’ 2 feet, estimating single feet. 
up to 61° 05/ 5 feet, estimating single feet. 
5 miles up to 02° 10’ 10 feet, estimating single feet. 
up to 04° 20/ 20 feet, estimating 2 feet. 
up to 10° 40/ 50 feet, estimating 5 feet. 
| up to 18° 30/ 100 feet, estimating 10 feet. 
CURVATURE, REFRACTION, AND HEIGHT OF INSTRUMENT. 


Distances. 


Up to 8.9 miles 
Up to 12.8 miles 
Up to 16.0 miles 


Up to 185 miles 


—oS 





Correction reads to nearest 


foot, estimating fractions. 
2 feet, estimating single feet. 
5 feet, estimating single feet. 


10 feet, estimating singledfeet. 
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A STUDY OF HARD-PACKED SAND AND GRAVEL. 
By W. O. CROSBY. 
Received May 21, 1902. 


A SYSTEMATIC examination, made for the Metropolitan Water 
Board, of the samples and accompanying notes from a large number 
of deep borings made with the wash-drill in the modified drift of the 
Nashua Valley, south of Clinton, Mass., preparatory to the construc- 
tion of the North Dike, or auxiliary dam, of the Wachusett Reservoir, 
disclosed the fact that while much of the material was rather hard 
drilling, an occasional sample was labeled “hard-packed,” the drill- 
men meaning by that term that the drill penetrated the material 
slowly and with difficulty. Usually only one hard-packed sample 
was reported from each boring, but in a few instances as many as 
three or four. The borings were made in a typical delta plain of 
glacial Lake Nashua, formed during the Clinton stage, and having 
a normal elevation above the sea of 360 to 380 feet.! This plain fills 
and obliterates the preglacial gorge of the Nashua River and the 
depth of the modified drift varies in consequence from less than one 
hundred to nearly three hundred feet. The entire section is composed 
of washed material and is prevailingly fine, —fine sand and quartz 
flour largely predominating. It is noticeable, however, that the hard- 
packed samples were reported chiefly from the head of the delta, or 
those points where the material averages coarsest, and they rarel 
occur where there is a great depth of the finer materials. The har 
packed samples vary in grade, however, from coarse gravel to quartz 
flour, and a classification of eighty-seven samples resulted as follows : 
gravel, 32; coarse and medium sand, 32; fine sand, 14; superfine 
sand and rock flour, 9. 


y 
i 


1 Geological History of the Nashua Valley during the Tertiary and Quaternary Penods. 
Technology Quarterly, Vol. xii, pp. 288-324. 
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In three instances only is the surface layer described as _hard- 
packed; and, generally speaking, the hard-packed material is found 
only well below the local water level and yet above the level of the 
Nashua River below Clinton ; the practical limits of the vertical range 
being 330 and 240 feet above the sea; while the level of the river 
in the lower part of Clinton is 250 feet and in Lancaster, two miles 
to the northward, 237 feet. 

The hard-packed gravel and coarse sand is composed in large 
part of flat or scaly fragments of schist, mica, etc., which must have 
been deposited by the water im approximately parallel horizontal 
planes. This position, of course, offers the greatest resistance to 
the disturbance of the deposit by a force acting in the vertical 
direction; although it does not necessarily tend to prevent water 
from flowing’ through the formation freely in a horizontal direction. 
Practically, all the hard-packed samples above the level of the ground 
water, and nearly all those below the level of the Nashua River, belong 
to the coarse and scaly grades. 

This explanation is inapplicable to the finer hard-packed samples, 
since they consist almost exclusively of quartz in angular and sub- 
angular grains; and it appears that with these finer grades of mate- 
rial especially the “hard-packed” condition depends chiefly upon the 
proportion of water which the material contains. To determine this 
point definitely, ten characteristic ‘“hard-packed”’ samples were sub- 
mitted to a series of tests as follows: 

Each sample was first thoroughly dried. It was then transferred 
to a cylindrical vessel about two inches in diameter and two inches 
deep, equal to 100 cubic centimeters, and packed as closely as pos- 
sible by a jarring movement. A cylindrical rod, eight millimeters in 
diameter, cut off squarely on the ends, representing a drill, was then 
rested in a vertical position upon the center of the deposit and loaded, 
first with a weight of approximately 15 pounds and afterwards of 75 
pounds; and the depth to which the rod penetrated the sand was 
noted in each case. 

Water was then admitted to the vessel until the sand was com- 
pletely saturated, the water being accurately measured to determine 
the porosity of the material when as hard-packed as it could be by a 
prolonged jarring movement. More water was then added to com- 
pletely flood the material or supersaturate it, and it was tested as 
before with the weighted rod. 
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The excess water was then drained off and blotting paper applied 
to the surface of the deposit under pressure for about five minutes 
to remove a further portion of the water, reducing the sand from a 
wet or saturated to a moist condition, the loss of water, or the dif- 
ference between porosity and absorption, varying from three to five 
per cent. by volume. The penetration test with the weighted rod 
was again repeated. The results of all the tests are given in the 
accompanying table, and the figures prove conclusively, what is of 
course roughly a matter of common observation, that the moist sand 
is much firmer and more hard-packed than either the dry or the very 
wet sand. The explanation is found in the fact that while in the 
saturated sand the water acts as a lubricant between the grains, in 
the moist sand it is insufficient to fill the interstices and the surface 
tension of the water causes it to act as a cement, binding the grains 
together. Above the level of the ground water, except in wet 
weather, the sand probably contains insufficient water to serve this 
purpose, and below the general drainage level of the valley it contains 
too much. It is obvious from this explanation that the “hard- 
packed ” condition has little bearing upon the question of the relative 
perviousness of the sands or the flow of the ground water through 
them; but it usually occurs where a relatively fine-grained layer is 
enclosed between coarser beds or grades horizontally into coarse and 
pervious materials which permit the excess water to drain away. 

It is a fair conclusion that the hard-packed condition is indicative 
of a high degree of porosity, or at least of a free movement of water 
through the deposit. This is in harmony with the proposed explana- 
tion, with the distribution of the hard-packed borings, the vertical 
distribution of the hard-packed samples, and their prevailing coarse 
and pervious character. It is interesting to note the comparatively 
slight variations in the porosity of the different grades of sand, the 
extremes being 36 and 43 per cent. The figures show very plainly 
that in most cases the vessel was not large enough to give the full 
effective contrast, as regards penetration, between the dry and 
saturated, and the moist states; but the use of a larger vessel was 
impracticable on account of the small size of the samples. It is 
noticeable, too, that this contrast is greatest for the finer grades, which 
show also the maximum porosity, indicating uniformity of grain or a 
low uniformity coefficient. 

Neither the samples nor the notes afford evidence that the material 
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is “hard-packed” from the presence of clay or because it has been 
exceptionally well settled and the grains of different sizes crowded 
closely together. The general conclusion is rather, as stated: either 
the material is scaly in form, or it contains insufficient water to fill 
the pores, or these conditions co-exist. According to this explanation, 
the water supplied by the drill must tend to escape into the ground in 
hard-packed layers, and this has been commonly observed, but in no 
case has the material been described as hard-packed simply because of 
the clogging of the drill consequent upon loss of water. On the 
contrary, the real test of hard-packed sand or gravel is the fact that it 
resists the free impact of the drill, be the loss of water great or small. 
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SMOKE AND ITS ABATEMENT IN LARGE CITIES. 
By C. H. BENJAMIN. 
Read April 10, 1902. 


Ar first thought it seems strange that a denizen of Cleveland, that 
smoky city of the middle west, should venture to appear before a 
Boston audience and talk about the abatement of smoke. It must 
however be admitted that experience, though a dear teacher, is an 
efficient one, and that where smoke is and that in abundance, one may 
learn all the more thoroughly of its production and its abatement. 

The air of your city seems clear and pure to one who comes from 
the smoke-laden atmosphere of cities in the soft coal belt. The fact 
that this evil has made so little progress in Boston is all the more 
reason why immediate measures should be taken to prevent any 
further encroachments. It is enough to know that the danger is 
already present, and that it would only be a matter of years to make 
the conditions here as unsatisfactory as those in Cleveland or Chicago. 
You have now this great advantage, that you are acting mainly on the 
defensive, trying to check the spread of this nuisance, while we in 
Cleveland have been suffering from its effects for the past twenty-five 
years, and have only now really begun to fight intelligently ; we have 
to act the offensive and try and drive out that which is already 
with us. 

You will pardon me if I devote a few minutes to the consideration 
of the nature of soft coal smoke. The smoke from bituminous coal 
owes its offensive character to the presence of hydrocarbons in that 
grade of fuel. Coals such as anthracite and semi-bituminous, which 
are free from hydrogen, or nearly so, cause little offense. When 
bituminous coal is first thrown upon a hot fire the heat distills 
from the fresh fuel the volatile hydrocarbons which would pass off 
as an almost colorless gas if unburned. The heat and the presence 
of a certain amount of oxygen causes these gases to burn with a yel- 
low flame. If sufficient air is supplied, and the temperature is not 
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allowed to fall, they will be almost completely burned, and no ob- 
jectionable smoke will result. If however, the quantity of air is 
insufficient, or if the gases be chilled by coming into contact with 
the comparatively cold surface of the boiler, combustion is retarded, 
and fine particles are set free, which either collect on the cold sur- 
faces as soot, or pass off through the chimney as black smoke. It 
is extremely difficult to burn this soot after it is once formed, and the 
better remedy is prevention. The peculiar oily consistency of the 
soot from this class of coals is probably due to the presence of hydro- 
gen with the carbon. 


From what has been said, it will be readily understood that black 





Fic. 1.— Two SMoKY MILL Stacks; SEVEN GRATES FOR EACH STACK, I90I. 
Now equipped with stokers. 


smoke indicates imperfect combustion, while its prevention means a 
perfect burning of the fuel and consequent economy. The immediate 
cause of smoke from hand-fired furnaces is the fact that a large 
quantity of fresh coal thrown on the fire clogs up the air passages, and 
thus causes a scarcity of oxygen at the very time when it is most 
needed. When the fire is incandescent and burning brightly, if the 
draft is good, sufficient air will pass through the grate to complete the 
burning of both the gaseous and solid parts of the fuel. If this con- 
dition could be maintained permanently there would be no trouble 
from smoke. This is the result which the mechanical stoker aims to 
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accomplish. The feeding of coal uniformly along the grate, keeping 


the fire of proper thickness, and maintaining the conditions as to coal 
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and air supply uniform, gives ideal. conditions: for economical burning 
of the fuel. Another device:in common use is the down-draft: furnace; 
having two grates where the fresh coal is fed to the upper, and the 
air draft is down through the fire upon that grate to the lower. All 
the volatile products mixed with the air from the draft are thus 
obliged to pass through an intensely hot fire on their way to the 
chimney, and are completely burned. The use of fire brick arches 
and checker work maintained at a white heat will also help to com- 
plete the burning of the gases which pass under or through them. 
Where ordinary flat grates are used, fired by hand at irregular inter- 
vals, it is necessary to in some way vary the air supply to correspond. - 


was 
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Fic. 2,— A MILL oF A STEEL WoRKs IN 1Ig0I. 


Beginning to install smoke preventers in 1902. 


From what has been said, it is evident that this additional air 
needed just after firing cannot be supplied from below; it is ac- 
cordingly introduced above the grate through the door, or through 
flues at the sides of the furnace, being either drawn in by the action 
of steam-jets, or forced in by blower. The air or steam is turned on 
by the opening of the fire door, and shut off after a suitable interval 
by a dash pot or other automatic contrivance. It must be understood 
that the steam-jet probably takes no part in the combustion, but acts 
simply to create an induced draft, and to thoroughly mix the incoming 
air with the burning gases. We have been taught in the past that air 
used in this way should be preheated. Experience with air-regulat- 
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ing apparatus in Cleveland has shown that this is not the case; if the 
air is supplied in a proper quantity, the heat arising from the im- 
mediate combustion which takes place, raises rather than lowers the 
temperature of the fire. Of course, if too much air were introduced, 
loss would result. In the matter of efficiency and economy, the 
blower is probably superior to the steam-jet. Were this all the story, 
progress in smoke abatement would be even slower than it is. For- 
tunately economy in fuel is a natural result of prevention of smoke. 
Any manufacturer who is allowing black smoke to come from his 
chimney can save from ten to twenty-five per cent. on his fuel ac- 
count by stopping that smoke. This has been proved so many times 








FIG. 3.— BOILER PLANT OF A SALT COMPANY AS IT WAS IN I9QOI. 


Now in process of. change, 1902. 


that it is no longer open to argument. I have seen this demonstra- 
tion repeatedly, not only by expert tests covering from one to six 
days, but also by a comparison of fuel bills for the month and for 
the year; how great the saving will depend upon how bad were 
the former conditions. 


And now just a word as to the legal aspect of this subject. It is 
undoubtedly possible for your Commonwealth to enact stringent laws, 
making the production of smoke a misdemeanor,.and providing for 
penalties in case of noncompliance with the law. In fact, such a law 
is necessary as a prelude to any successful work. The law once in 
your hands, it behooves you to be careful how you use it, — used 


























Fic. 4.— Two LarGE STracks OF A STREET RAILWAY COMPANY. 


Under the first one the boilers are equipped with mechanical stokers, under 
the other they are hand fired. 




















Fic. 5.— A STEEL MILL. 


od There are two boilers to each stack. All eight boilers were fired at the 
same time with the same amount and kind of coal. Those 
under one stack are equipped with smoke pre- 
venters. ~ Which one is it? 
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recklessly and without discernment it may do more harm than good. 
A policy of enforcement of a law of this kind which is oppressive and 
injudicious in its character, will result in such ill feeling and opposi- 
tion as will defeat its own ends. Smoke producers, asa rule, are not of 
the criminal class; they may be selfish and thoughtless of the rights 
of others, but they are usually human beings very much like the rest 
of us. They do not incommode their neighbors and prejudice the 
community out of malice or hardness of heart. Treat them as gentle- 
men and as business men, and they will usually do their best to 
remedy the difficulty. 


Now the one all-potent argument in such cases is the saving in 





Fic. 6.—STACK OF AN ELeEctric LIGHT PLANT. 


Equipped with underfeed stokers in 1901 and now comparatively clean. 


fuel which will result from a compliance with the law. The immedi- 
ate expense is sometimes large, a good stoker costing nearly as much 
as the boiler under which it is located, but a manufacturer or business 
man will be quick to see that a saving of even ten per cent. in fuel will 
pay a remarkably good interest on the cost of any stoker. 

The problem on the railroads is a somewhat different one. The 
application of mechanical stokers to locomotive engines is as yet an 
experiment, and has not met with much success. We are reduced 
to two alternatives, either the use of smokeless fuel, or to such careful 
firing as will reduce to a minimum the smoke from soft coal. In 
Boston, I believe, you have the former policy ; in Cleveland at present 
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we are following the latter. I would describe to you briefly the man- 
ner of carrying out the work of smoke abatement in our city. 

We first ascertain the conditions at each establishment, the 
number of boilers used, kind of furnace, and kind of fuel, in other 
words we make a complete census of the furnaces of the city and put 
this into card index form. We do the same with the locomotives on 
the railroads. To determine where the smoke is, and where it is not, 
we make careful observations on each chimney or engine, taking read- 
ings at short intervals, and averaging a large number of observa- 
tions on which to base a report. We are thus enabled to know the 
relative standing of each firm or road in this matter. The subject is 
then presented to those having control in each place, and advice and 
instructions are given as to the best remedy. Legal measures have 
not been used so far; the campaign has been one of education and 
moral suasion. We have received to a very large extent the coépera- 
tion of manufacturers and of railroad men, and have made marked 
progress by this method of work. Cleveland has been, and is, a very 
smoky city, and the conditions at times are discouraging, since we 
are at all times fighting not the coming evil, but one which is already 
with us; that under these circumstances a decided improvement has 
been made in a period of eighteen months, is cause for encourage- 
ment. 

The proposition then presents itself under these heads. First, the 
smoke from soft coal is a great damage to property and to health; 
second, it is entirely practicable to prevent the greater part of the 
smoke coming from this class of fuel; third, such prevention will not 
only result in good to the community at large, but in direct personal 
profit to the individual most directly interested. With very few ex- 
ceptions, all the new power plants in our city are equipped as they are 
built, with satisfactory smoke-preventing devices. If you in your city 
will see to it that this is the case here, you will have little cause for 
fear in the future. 
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THE MICROSCOPIC EXAMINATION OF PAPER FIBRES. 
By W. R. WHITNEY anp A. G. WOODMAN. 


Received June 6, 1902. 


THE examination of the fibres of paper to determine the nature 
and the source of the raw material is a matter of considerable impor- 
tance not only to those directly interested in paper manufacture, but 
to the analytical chemist who may be called upon to take up the 
question with only slight previous knowledge of the subject. 

For the determination of the nature of the fibres the microscope 
is usually relied upon, being the simplest and readiest means, but its 
use in this connection, no easy matter even to those of experience, is 
rendered doubly difficult by the scarcity of accurate descriptions and 
figures for reference, especially the latter. Some drawings and photo- 
graphs of the more common fibres are available, but drawings are 
usually too much idealized to be of the greatest assistance to one un- 
acquainted with the characteristic features. Furthermore, the best 
reproductions of photographs, such as those by Herzberg in “ Papier 
Priifung”’ and Rostaing in “ Photomicrographie des Vegetaux,”’ which 
are most excellent so far as they gu, are accompanied only by Ger- 
man or French text. 

It is proposed to supply this want by the accompanying photo- 
graphic reproductions and descriptions which include many fibres not 
available in published works. No attempt has been made to give a 
careful or at all complete study of structure or botanical characteristics, 
but simply the enumeration of certain features which are most ap- 
parent and the description of certain differences. which seem best 
suited to distinguish one fibre from another. 

The apparatus required is very simple, a comparatively inexpensive 
microscope giving magnifications up to 60 diameters being the impor- 
tant thing. One giving higher powers may be useful at times but it 
is not essential. On account of the transparent nature of many of the 
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mounted fibres it is almost necessary, however, that the microscope 
be fitted with the requisite apparatus for viewing objects by polarized 
light. The ordinary microscope slides and cover glasses are employed 
in mounting permanent specimens. 

In order to prepare the material for examination pieces taken from 
various portions of the paper are torn into small bits. These are 
boiled for a few minutes in a one-per-cent, solution of caustic soda, 
then the pulpy mass is poured on a fine sieve, about 100 meshes to 
the linear inch, and washed with water until practically free from 
alkali. The pulp is transferred to a bottle half filled with water and 
shaken vigorously to break up any lumps. The addition of glass beads 
or garnets to assist in this shaking, as recommended by some, is to be 
avoided on account of the danger of destroying the delicate cells which 
accompany some fibres and serve for their identification. In some 
cases, however, in order to separate the fibres well it may be necessary 
to fray them gently in a mortar. Fora temporary examination the 
fibres are mounted in water or a mixture of glycerine and water, 
while slides for permanent record may be prepared in any of the usual 
ways with agar, glycerine jelly, or Canada balsam. Several slides 
should be prepared at the same time and examined in order to be sure 
that none of the various cell-forms which may be present in the pulp 
shall escape observation. Often the most characteristic cells or fibres 
in the case of some paper stocks are present only in very small quanti- 
ties and may not appear at all in a particular mounted specimen of 
that stock. 

In examining the slides, which should be done systematically and 
carefully by both direct and polarized light, the following ‘points should 
be noted : 

(1) Fibres — size, length, diameter or width relative to the 
length, shape of the end, presence of knots and joints, whether the 
majority of the fibres are straight or bent or curled, markings on 
the fibre, size and character of the central canal, if any, any changes 
in color on rotating the polarizer or analyzer, etc. 

(2) Forms other than fibres —size, shape, width as compared: to 
length, markings, shape and length of the ends. 

Some of these points will, in most cases, be sufficiently character- 
istic to enable the fibre to be identified with considerable certainty. 

It should be borne in mind in this connection that the chemical 
and mechanical treatment to which the fibre is subjected in the manu- 
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facture of the paper may obliterate these characteristics to a certain 
extent so that the. process of. identification is not so easy as in the 
case of the raw materia]. It can generally be done, however, with 
sufficient study. 

As occasion offers, typical specimens both of the pulped and of the 
mounted fibres should be prepared and preserved for reference and 
subsequent comparison. Some standard magnification should be 
adopted and all prepared alike in order to show the differences more 
readily. 

By reference to the following scheme, in which the fibres are classi- 
fied according to their most prominent characteristics, the question of 
identity may be narrowed down to three or four fibres, the exact identi- 
fication being established by reference to the detailed description ac- 
companying the plates. The number preceding the name of the fibre 
refers to the page on which the description may be found, those follow- 
ing it to the illustrative figures. In all cases the appearance of the 
majority of the fibres must serve as a guide, since the same slide 
may show marked differences even in fibres from the same source. 
Where there seemed to be a possibility of confusion the fibre has 
been given more than one place in the scheme. 


ANALYTICAL SCHEME. 


A. Fibres are characteristic; other characteristic forms absent. 
I. Fibres are /oug ; greater than diameter of field (Mag. = 60). 
(1) Fibre has many joints, knots or projections, especially by polarized light. 
(a) Fibre is fine; quite smooth; joints not very noticeable. 
(276) Paper mulberry —1, 2; (277) Manila hemp — 3; (277) Agave — 4. 
(4) Fibre is coarse, uneven; joints are large and prominent. 
(277) Linen — 5-8; (279) /Jute—9, 10; (279) Hemp (Cannabis sativa) 
—iI, 12. 
(c) Fibre shows over-lapping scales. 
(281) Wool— 13, 14. 
(2) Fibre has peculiar markings; dotted, circular, square, net-like. 
(2) Markings resemble circular or square perforations. : 
(281) Spruce, ( fir, hemlock, tamarack, balsam) — 15-20; (283) Pine — 21-23. 
(283) Redwood—24, 25; (285) Red cedar — 26; (285) Arbor vite —27; 
(285) Cypress — 28, 29. 
(4) Markings net-like, ‘‘ feather-stitch,”’ spiral. 
(283) Redwood — 24, 25; (285) Cypress — 28, 29; (285) Banana (fruit stem) 
— 32; (287) Ramie— 33. 
(3) Fibre is smooth and regular. 
(2) Many fibres resemble twisted ribbons. 
(287) Cotton — 34-37; (287) Banana (stalk and leaf stem) — 30, 31. 
(4) Fibres are round, cylindrical. 
(287) Silk — 38; (289) Sisal hemp — 39, 40; (289) Bark of cotton stalk — 41. 
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II. Fibres are short ; less than diameter of field (Mag. = 60). 
(1) Ends of fibres frayed and torn. 
(28y) Cotton rag — 42, 43; (289) Mechanical wood (conifers) — 44. 
(2) Ends of fibres not torn. 


(291) Coir —45; (291) Elm — 46; (305) Willow —8o. 


8. Characteristic forms other than fibres are also present. 
I. Fibres are /ovg ; equal to or greater than diameter of field (Mag. = 60). 
(1) Fibres quite broad in middle; tapering tu point Jike a bayonet. 
(a) One or both ends of cells drawn out, sometimes terminating in a tail. 
(291) Poplar — 47, 48; (291) Birch— 49-51; (293) Porpor gum — 52. 
(2) Ends of cells cut off obliquely at blunt angle. 
(293) Cotton wood — 53; (295) White wood — 54; (295) Black walnut — 55; 
(301) Holly —73; (303) Chestnut 74. 
(2) Fibres not varying greatly in width, ends needle-like. 
(z) Characteristic forms (cells) davge ; covering } to 4 diameter of field. 
(295) Bamboo— 56; (297) Sorghum bagasse— 57, 58; (297) Aafia —59; 
(301) Zulip —7o. 
(4) Characteristic forms sma//, cellular, serrated, or pointed. 
(297) Straw— 60-62; (299) Esparto—63-65; (299) Sugar cane bagasse 
— 66; (299) Live Oak — 67. 
II. Fibres are short ; less than diameter of field (Mag. = 60). 
.<) Cells comparatively long and narrow; qu'te sharply pointed at one or both ends. 
(299) Maguolia — 68, 69; (301) Zulip—70; (301) Sweet buckeye —71, 72. 
(2) Cells prismatic, stubby; ends blunt and cut off obliquely. 
(2) Quantities of short, fine, transparent material with square ends. 
(301) Holly —73; (303) Chestnut — 74. 
(4) Field fairly clear except for fibres and characteristic elements. 
(303) Pawpaw — 75; (303) Zree of Heaven — 76; (303) Maple —77, 78; 
(305) Black Cherry — 79; (305) Willow —8o. 
(3) Cells fragmentary, broken; fibres short. 
(305) Ground wood — 81, 82; (291) Elm — 46. 


The following reproductions! were made from slides prepared in 
most cases from the paper itself. In a number of cases fibres are 
shown which have no practical utility in paper-making, owing to scarcity 
of the material, cost of treatment, etc. The hard woods, for example, 
have not shown themselves well adapted for paper-making. It must 
be borne in mind that a single field under the microscope seldom con- 
tains all the characteristic fibres and cells of the material under ex- 
amination; some selection was, therefore, necessary in case of the 
following photographs. They represent, however, the actual appear- 
ance in each case of a certain field under the microscope, and the 
idealizing which tends to creep into drawings made from the micro- 
scope, is at least confined in this case to the text. 





* The magnifications given under the illustrations are those of the original photographs 
The plates are all reduced to four-fifths of the original diameters. 
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PAPER MuLpBerry. (Broussonetia papyrifera.) Figures 1, 2 


The fibres are long, slender, varying in length from 6 to 20 milli- 
meters with an average diameter of .030 millimeter. By direct light 





Fic. 1.— MULBERRY JAPANESE PAPER, Fic. 2.— MULBERRY. 
Polarized Light. XX 60. Polarized Light. X 180. 





FIG, 3.— MANILA. Fic. 4.— CENTURY PLANT. 
Polarized Light. X 60. Polarized Light. X 60. 


they are nearly transparent, and by polarized light appear as white, 
lustrous cords. The fibres vary considerably in diameter, and con- 
strictions of the same fibre at irregular intervals are common. Longi- 
tudinal striz as well as transverse jointings are shown. The latter 
appear especially well in the enlarged view (Figure 2). The ends are 
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sometimes blunt and rounded, sometimes fringed. The central canal 
usually shows as a well-defined line. The fibres are smoother and 
more regular than those of manila hemp or the century plant. 


MANILA Hemp. (Musa textilis.) Figure 3. 


The average length of the fibres is about 6 millimeters, the diame- 
ter .024 millimeter. The fibres are usually white and lustrous and 
show a play of colors varying from dark brown to steel-blue on rotate 
ing the analyzer. The central canal is large and very apparent. The 
fine cross-markings or canals running from the central canal to the 
walls are numerous and prominent. The fibres taper very gradually 
and regularly toward the ends; they are generally shorter and much 
coarser or harsher than either mulberry or century plant. The best 
qualities of manila wrapping paper are made of this fibre; a cheaper 
grade of manila wrapping paper is made from the fibre after it has 


passed a useful life as rope, twine, and heavy bagging; and from other 


materials such as jute. Some grades of so-called manila contain 
some hemp, with various quantities of chemical wood pulp. Some 


contain no manila at all, and in some the cheap ground wood is a 
prominent constituent. 


CeNnTURY PLANT. (AMERICAN ALOE.) (Agave americana.) Figure 4. 


The fibres are long, of rather small diameter, tapering and pointed 
at the ends. They vary considerably in diameter in different fibres. 
The central canal is not very prominent, but can be seen as a narrow 
black line in some of the individual fibres. Knots and joints occur 
at irregular, but quite frequent, intervals. The fibre is characterized 
by the great number of very fine cross lines close together which 
are noticeable in nearly every specimen, (Figure 4a.) The fibres are 
harsher than“mulberry, resembling manila in this respect, but are 
longer than the latter. 


LINEN. (CULTIVATED FLAx.) (Linum usitatissinum.) Figures 5-8. 


Linen consists of the ultimate fibres of the flax plant, what is 
ordinarily called flax being bundles of fibres as shown in Figure 5. 
These ultimate fibres are 25 to 30 millimeters long and .020 millimeter 
in diameter, They resemble thick-walled tubes, the central canal, on 
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Fic. 5.—FLAx. X 60. 





Fic. 7.— LINEN. 
Polarized Light. X 60. 
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Fic. 6. — LINEN. 


Fic. 8.— LINEN. 


FIG. 10. — JUTE. 
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account of the relative thickness of the walls, often showing merely as 
a dark line (Figure 6a). From this central canal numerous ducts pass 
to the outside, showing under the microscope as slender cross mark- 
ings. (Figure 8a.) The most characteristic feature, however, is the 
knotting or jointing of the fibre at quite regular intervals, as is well 
shown in Figures 6 and 7, 

This is the material of which the finest grades of writing paper are 
always said to be made. It is true, however, that a pure linen paper 
is not very common. The good grades of writing paper which contain 
linen usually also contain some cotton, while many of the so-called 
linen papers contain only cotton or cotton and chemical wood. 


Jute. (Corchorus capsularis and C. olitorius.) Figures 9, 10. 


Jute consists of typical bast fibres about 2 millimeters long and 
.022 millimeter in diameter. The fibres are long, quite smooth, and 
often compacted into bundles. The chief characteristic of the jute 
fibre is the varying thickness of the cell wall, which often passes from 
one extreme to the other within the limits of the microscopic field. 
The central canal at times appears of considerable width, then, owing 
to the increased thickness of the walls, it narrows until even with high 
magnifications it is visible only as a fine line and may even disappear 
entirely. This effect may be repeated in its entirety at short intervals, 
as in Figure 10,a@ and 6 It should be borne in mind, however, that 
these changes are not shown by every fibre and it is sometimes neces 
sary to follow a single fibre quite a distance to note the variations in 
thickness of the cell wall. The difficulty in recognizing the fibres is 
increased at times by the fact that they are gathered or compacted 
into bundles, in which case one fibre may lie across another and hide 
its characteristic features. At intervals will be noticed the radial 
canals and the joints which may be distinguished readily from the rest 
of the fibre by their different color. The joints bear a strong resem- 
blance to the same features of the linen fibres, except that they are not 
so pronounced. The chief difference, however, is in the central canal. 


Hemp. (Cannabis sativa.) Figures 11, 12 


The structure of the hemp fibre closely resembles that of linen 
and the distinction between them is a difficult and at times impossible 


one to make. The fibre shows the same knots, the same broadened 
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Fic. 11.— HEMP. (Cannabis sativa.) Fic. 12.—HeEmpP. (Cannabis sitiva) 
Co. Polarized Light.  6o. 
7 P. _, 





Fic. 14.— Woot. X 180. 








. 
FIG. 15.— SPRUCE. Fic. 16. — JAPANESE SPRUCE. Bleached 
Polarized Light. X 60. Sulphite. Polarized Light. x 60. 
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portions, the same ragged ends as does linen. The chief difference 
consists in the character of the central canal, which is broader and 
takes up a greater portion of the diameter of the fibre, and in the 
presence of longitudinal striations. 

The fibres are long, about 22 millimeters, with a diameter of .022 
millimeter, straighter and coarser than linen. They show swellings 
and bendings as in Figure 11. 


Woot. Figures 13, 14. 


While wool is not, strictly speaking, a paper fibre, it finds some use 
in decorative papers and it has seemed best to include it that the 
series may be more nearly complete. The fibre, which is usually much 
curled and twisted, is characterized by its broken surface, being 
covered with minute overlapping scales like roof-tiles, which cause the 
felting or matting together of the fibres in the process of manufacture. 
These scales are clearly shown in Figure 14. The fibres are usually 
very long, curled, and the ends are abrupt, showing simple rupture or 
cutting of the fibres. 


Spruce. (Picea nigra.) Figures 15, 16. 


The spruce fibres may be taken as typical of those of coniferous 
trees. The fibres, which are almost entirely tracheids, are broad and 
flat. The ends are sometimes very pointed, sometimes blunt and 
rounded. In mechanical spruce they are usually frayed and torn 
(Figure 44). The fibres are often twisted somewhat like those of 
cotton, as shown in Figure 15, and still more clearly in Figure 19. 
The twist in this case is, however, easily distinguished from that of 
cotton, as it is usually abrupt in the former and is the result of rough 
treatment of the fibre, while it is gradual in the cotton and the result of 
growth. They are characterized by the presence of numerous pitted 
cells or cups €Figures 20 and 44), most of which are circular, while 
some are more or less elliptical. These latter are more apparent in 
sulphite pulp. By polarized light the pits appear as black dots on the 
fibre (Figure 16). The larger, squarish holes, penetrating through the 
fibre, which are so characteristic of pine, are entirely absent in spruce. 
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Fir. (Adies grands.) Figure 17. 
BatsaM. (Adtes frasert.) Figure 18. 


TAMARACK, LARCH. (Larix americana.) Figure 19. 


Hemuock. (Zanga canadensis.) Figure 20. 


These fibres so closely resemble spruce that it is practically im- 
possible in most cases to distinguish them with any certainty. They 
are usually classed with the spruce and pine under the caption “ cone 
bearers.” The great length and strength of the fibres make them the 
most useful component of cheap paper, such as newspaper. A very 
large proportion of magazine paper contains these fibres mixed with 


other material, such as poplar and cotton rag. 


Pine. (Pinus strobus, P. banksiana, etc.) Figures 21-23. 


The fibres of pine vary in length, from 3 to 4 millimeters being a 
fair average, and are much broader than most other paper fibres. 
They resemble most closely in shape and size the fibres of spruce and 
fir. Each end is usually very gradually tapered to a point. The fibres 
are generally flat and not twisted at all. Single rows of circular mark- 
ings (Figure 21a) occur at intervals on most of the fibres, which in 
this respect are very similar to those of spruce. Pine has, however, 
another characteristic which is not so frequent as the circular discoid 
markings. This is the group of oblong openings, usually five or six in 
number, which in distinction to the circular markings, penetrate 
through the fibre. They are very characteristic and afford a ready 
means for identifying the pine fibre. 


ReEpwoop. (Seguota sempervirens.) Figures 24, 25. 


Two kinds of fibres are noticeable, a broad, flat fibre with rounded, 
spatulate ends, and a narrower rounded fibre with longer, more pointed 
ends. The broad fibres have several rows of small circular markings, 
appearing as black dots by polarized light, scattered more or less 
regularly over the fibre. The other fibres are marked by transverse 
pores appearing as short, black lines placed at an acute angle with the 
main axis of the fibre, the general effect being that of “ feather stitch- 
ing.” The fibre is easily distinguished from spruce and pine by 
having several rows of the discoid markings and by the presence of 
the narrow fibres. 
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Rep Crepar. (Juniperus Virginiana.) Figure 26. 


The fibres are long and slender with bluntly pointed ends. Some 
ire straight and others bent or broken; they are of fairly uniform 
liameter, and are characterized by markings on the fibre. In some 
cases these show as one or two rows of dots parallel to the axis of 
the fibre, in others occur the crisscross or “ feather stitch” markings. 
These markings closely resemble those of redwood or cypress; the 


fibres are, however, much smaller than either of the latter. 
ARBOR Vira. (Thuja occtdentalts.) Figure 27. 


The fibres are long, smooth, and straight, much resembling red 
cedar and redwood, but intermediate in size between the two and 
not so distinctly marked. They are very transparent, even by polar- 
ized light, and many are of a bright steel-blue color when viewed in 
this way. Rows of dots are present as in red cedar; the crisscross 
markings, however, are only slight, and observed with some difficulty 
in few fibres. 


Cypress. (Zaxodium distichum.) Figures 28, 29. 


The description given for redwood applies almost equally well to 
cypress, the only practical difference being that the cypress fibres are 
smaller and the pores on the broad fibres are not so large nor promi- 
nent. The best method of differentiation would be the comparison of 
size with standard slides of redwood, cypress, and possibly arbor vitz 
and red cedar. 


BANANA. (Musa saptentum.) Figures 30-32. 


The fibres of the banana are characterized under the microscope 
by the mass of. curlea and tangled filaments that may be seen (Figure 
30). Some of these resemble fine curled hair, others broad, thin bands 
of ribbon. The same fibre may show both features at different por- 
tions of its length, sometimes changing from one extreme to the other 
within the limits of the microscopic field. The curling of the fibres 
may be carried so far that some of them are coiled repeatedly upon 
themselves. The ends are often very fine and delicate. Some of the 
broader fibres show reticulated markings. The fibres from the /eaf stem 
(Figure 31) show the same general characteristics except that there is 
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not quite so much of the very fine material and the crinkliness of the 
fibre is not so marked. In the case of the fibres from the /fruzt stem 
there is comparatively little of the fine curly material. The fibres are 
shorter, broad, with tapering ends, sometimes spatulate. The mark- 
ings on the fibres show distinctly as at a in Figure 32. 


RAMIE. CHINA GRASS. (Baohmeria nivea.) Figure 33. 
D> 


Ramie presents long, smooth, stiff fibres, which are lustrous and 
show brilliant colors, especially by polarized light. They are gener- 
ally cylindrical and may be either smooth or striated. The central 
canal is well developed. By polarized light the peculiar spiral mark- 
ings (Figure 33a) are plainly visible. 


Cotton. (Gossypium.) Figures 34-37. 


The cotton fibre is usually extremely long, varying from 20 to 50 
millimeters ; the breadth varies from .012 to .037 millimeter. Only a 
small portion of the fibre is included within the microscopic field. 
The fibres are very characteristic, being flattened like a collapsed tube 
and twisted spirally. This flattening is not seen in the unripened 
fibre, which is a tube filled with liquid protoplasmic matter. The ends 
are somewhat narrowed and rounded. In mercerized cotton the fibre 
is more compacted, not so flat, and the spiral twisting is less notice- 
able. (Figure 36.) In Figure 37 is shown the appearance of cotton- 
seed lint, characterized by the torn, square ends of the fibre. Cotton 
forms the basis of most medium grade papers. The greater part of 
most high grade book paper, card board, blotting paper, etc., is made 
of cotton rag. 


SILK. Figure 38. 


The silk fibres resemble glistening, transparent, cylindrical rods 
which are generally smooth and regular, but at times may appear to 
be twisted and may show irregularities of outline. There are no 
joints noticeable. Some varieties, especially by polarized light, show 
various colors ranging from yellowish brown to deep blue. No ap- 
parent structure is to be observed ; the fibres appear like threads of 
glass, 
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SisaAL Hemp. (Agave txli.) Figures 39, 40. 


Sisal hemp, which is derived from a species of Agave, should not 
be confounded with true hemp, Canuadbis sativa. The fibres are 
smooth, with thick walls, and taper gradually at the ends to a point. 
The central canal is very large and conspicuous. (Figure 40.) The 
fibres can be distinguished readily from silk by the structure and the 
pointed ends, and from the bast fibres of the cotton stalk by their 
greater length and freedom from twisting. 


BARK FROM THE CoTToNn STALK. Figure 41. 


In distinction from the seed hairs which are usually spoken of as 
the cotton fibre, a fine jute-like bast fibre may be separated from the 
bark of the stalk. These fibres show only slightly the twisting so 
characteristic of the ordinary cotton fibre; they are much shorter, 
more nearly round, and taper toward the ends. The central canal ap- 
pears as a black line. 


Corton Rac. (From paper.) Figures 42, 43. 


The fibres show the general characteristics of the cotton fibres as 
regards structure, but are much shorter and the ends are much frayed 


and torn, owing to the mechanical treatment to which the fibres have 
been subjected. 


MEcHANICAL Woop. (Conifers.) Figure 44. 


The general remarks made concerning cotton rag apply to mechani- 
cal wood. The fibres are characterized by tueir shortness, irregu- 
larity, and broken, frayed, and torn ends. The fibres are irregular 
since much of the ligneous matter still remains, not having been dis- 
solved out by chemical agents, and though most of the fibres are badly 
mangled, usually enough of the characteristic features remain to dis- 
tinguish the source of the wood. Thus in Figure 44 the discoid 
markings at a show the wood to be spruce and in Figure 81 the pe- 
culiar cells show the sample to be poplar. Mechanical wood usually 
shows masses of the medullary rays, which in the trunk extend from 
the centre to the circumference in the form of a star. These show 
as a lattice or trellis-work, more or less distinct, as in Figure 82. 
(See also Figure 84.) 
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Corr. (Cocos nucifera.) Figure 45. 


Coir, known also as Kair, is the fibre of the husk surrounding the 
cocoa nut. The fibres are short, stiff and quite smooth, tapering gradu- 
ally to the ends, which are rounded. The central canal is very 
marked. 


E_m. (U/mus Americana.) Figure 46. 


The fibres are short, of fairly uniform diameter, not tapering. 
Some are straight and offer no special characteristic; most of them, 
however, are curled and bent in a very striking manner. The cells, 
which are few, are fragmentary and not very noticeable, so that the 
fibre may be placed by different observers under either Class A or B. 


Poplar. (Populus grandidentata.) Figures 47, 48. 


The ligneous fibres of poplar are very similar to those of birch 
and are hardly to be distinguished from them. At times will be 
noticed rather narrow fibres with joints. (Figure 47a.) The large 
cells distinct from the plain, narrow fibres serve to distinguish poplar 
readily from birch, however. These are less numerous and show large 
open pores like honeycomb (Figures 47 and 48). The ends of the cells 
often extend for some distance in the form of a tail. (Figure 470.) 
The lateral or transversal ends marked in the form of a grating, which 
characterize birch, are entirely absent. These peculiar cells showing 
such characteristic markings enable one to recognize the presence of 
poplar, birch, willow, etc., where this would be difficult or impossible 
if one had to depend on the simple ligneous fibres, which differ but 
little in the different woods. These marked cells are entirely absent 
from the conifers. This fibre and the following soft woods are used 
to a very great extent in newspaper and cheap book paper. It has 
not the length nor strength of the coniferous fibres, and some of the 
latter is, therefore, usually mixed with the poplar in the paper. 


Bircu. (Betula alba, B. papyrifera.) Figures 49-51. 


The birch fibres are long, with walls which are sometimes nar- 
row and again quite thickened ; in the latter feature they are similar 
to straw. In birch, however, the constrictions of the central canal 
caused by the thickening of the walls are uncolored, while in straw 
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they are often reddish brown. Some of the fibres which have a large 
central cavity and narrow walls also show small canals extending in 
various directions from the centre to the circumference. Some of the 
fibres have rounded ends ; the majority, however, are pointed in the 
shape of a bayonet. (Figure 50a.) The cells, which are very notice- 
able, exhibit numerous markings in the form of slits, often placed 
obliquely to the main axis, (Figure 504.) These are sometimes dis- 
tributed regularly in the cell; sometimes many are grouped at one 
place, while a little further on there are none, and this alternation may 
be reproduced four or five times in a single cell. (Figure 51.) At 
the end of the cell shown in Figure §1 can be seen clearly the trans- 
verse wall marked like a net ora grating. Birch usually shows a num- 
ber of these characteristic cells. The net work marking on these 
birch cells is much finer than the markings of the corresponding poplar 
cells. 


Porpok Gum. Figure 52. 


The fibres are long and quite wide in the centre, tapering to a 
bayonet point at the ends. Many of them are jointed at regular in- 
tervals, often bending or changing the direction of the fibre as at a, 
Figure 52. The tapering usually does not extend beyond the joint 
nearest the end. The numerous cross markings, like canals, extending 
from the circumference toward the centre are shown in the figure, 
The cells, which are quite numerous, are long and slender, narrowed 
at the ends, and characterized by parallel rows of pores resembling 
cross-bars. There are usually several ranks of these, arranged parallel 
to the main axis of the cell. 


Cotronwoop. (Populus deltoides, syn. P. montilifera.) Figure 53. 


The fibres. of the cottonwood are long, ribbon-like ; broad in the 
middle and tapering gradually to a sharp bayonet point at the ends. 
The fibre is often twisted on its axis and frequently bent at quite sharp 
angles, sometimes in several places in the same fibre, either in the 
same general direction or alternately in opposite directions. The 
joints, which are numerous, are not swellings or knots, but are more 
like V-shaped cuts in the fibre. Small pores or canals extending 
from the centre to the circumference are numerous, The cells are 
very large and coarse. The ends are cut off obliquely, sometimes 
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appearing nearly square in section (Figure 53a), once in a while witha 
small prolongation. There are no special markings on the end. The 
cell ordinarily appears as two sides of a rectangular prism, one side 
having large pores like a honeycomb or more resembling square pav- 
ing blocks set some distance apart, the other side being smooth and 
often without any markings. Occasionally the smoother side may 
show at intervals sets of cross markings two or three in number, as 
if the paving block marking extended across it in narrow bands. This 
may be repeated three or four times in the length of a cell. 


WHITEWOoD. Figure 54. 


The fibres are fairly long, averaging a little more than the diame- 
ter of the field ( X 60), broad in the middle and tapering to a well 
defined bayonet point, as at a in Figure §4._ The cells are quite large 
and long in proportion to their width. They are somewhat similar to 
cottonwood but are smaller, the ends are more blunt and do not have 
the slight prolongation present in cottonwood. Some show markings 
on the end similar to those of birch. 


Brack WaAtLNut. (/uglaus nigra.) Figure 55. 


The fibres are long, mostly straight and quite regular; a few are 
jointed. Some are blunt or squarish at the ends as if broken; the 
majority, however, taper’ to a bayonet point at the ends. The cells, 
which are few in number, are of fairly good size but short and 
blunt; their ends are usually cut off obliquely, one ordinarily at a 
sharper angle than the other. The markings are not distributed with 
any regularity and are not especially characteristic. 


Bamsoo. (Bambusa arundinacea.) Figure 56. 


The length of the bamboo fibre varies from 6 to 10 millimeters ; 
its diameter is about .o15 millimeter. Its microscopical character- 
istics are in general those of straw. The fibres are twisted and curled 
upon one another, sometimes showing as a complete ring. The walls 
are thick, the central canal being prominent and well defined. Ovoid 
pith cells with characteristic markings, a good example of which is 


shown in Figure 56, occur, together with serrated cells similar to 
those in straw and esparto. 
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SorGHUM BaAGAsseE. (Sorghum vulgare.) Figures 57, 58. 


The fibre much resembles that of straw, being clear and nearly 
transparent, even by polarized light. There is considerable variation 
in diameter, as is shown even by those in Figure 58. The walls are 
thin and the central canal large and prominent. The jointing is 
very marked and the fibre is usually bent at the joint, sometimes suc- 
cessively in the same direction, sometimes alternately in different 
directions, as in Figure 57. The ends are pointed. The character- 
istic cells, which are not very numerous, are shown fairly well in the 
figures. They are cylindrical, with cross markings like parallel ridges, 
usually arranged in two or three rows parallel to the main axis. 


RaFFiA. (Raphia ruffia.) Figure §9. 


Raffia consists of fibres from the leaf stalk of a species of palm, 
Raphia ruffia, which grows in Madagascar. The fibres are round, 
long, and smooth with a tendency to curl. By polarized light the cen- 
tral cavity shows as a well-defined black line and small cross markings 
at irregular intervals may be observed. Occasionally will be seen one 
of the characteristic masses of cellular tissue. (Figure 59a.) These 
have no definite outline and appear simply as aggregations of cells, ap- 
proximately circular in outline, closely grouped together. 


STRAW. (Gramince spp.) Figures 60-62. 


The straw fibres present considerable variation in size as derived 
from different sources. They are in general long and slender, having 
a fairly uniform diameter for a given fibre. At quite regular intervals 
occurs a sort of jointing, as if the walls were thickened and drawn to- 
gether. A characteristic feature of straw pulp is the occurrence of 
serrated epidermal cells, as shown in Figure 60a and enlarged in 
Figure 62. These vary considerably in size and also in dimensions, 
the ratio of length to width varying from 1:1 to 10:1. Similar cells 
are found in esparto but they are smaller. Another characteristic 
feature is the presence of smooth pith cells. (Figure 61.) These 
vary in shape from nearly circular or oval to a more elongated form ; 
the width, however, is usually great in proportion to the length. 
They occur at times separately or joined in series like links of 
sausages. These pith cells are absent from esparto. Other elements 
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more or less characteristic sometimes occur, but these are the most 
frequent and distinctive. 


EspARTo. (Stipa tenacissima.) Figures 63-65. 


The fibres of esparto resemble those of straw, but are smaller and 
more even. Most of them are long, but afew are short. The average 
length is about 1.5 millimeters, the diameter, about .o12 millimeter. 
Serrated epidermal cells resembling those of straw are common ; they 
are, however, considerably smaller as will be seen by comparing 
Figures 60 and 63. Another feature serving to distinguish esparto 
from straw is the occurrence of small tear-shaped cells, shown at a 


and 6, Figure 64. The smooth pith cells found in straw pulp are 
commonly absent from esparto. 


SuGAR CANE BaGassE. (Saccharum officinarum.) Figure 66. 


The fibres differ considerably, some being narrow and rounded, 
others broad, flat, and ribbon-like. The ends are mainly pointed, some 
are blunt as if broken off. Some of the fibres are twisted like cotton 
but are much shorter. There is great variation in the size of the 
fibres and some of the small ones have a tendency to curl like the 
banana fibre, even forming coils and rings, as at a, Figure 66. Pith 
cells are numerous. These may be smooth and flat as shown in the 
figure, or long, resembling a sausage casing ; at other times they may 
be short and thick, much resembling the pith cells of straw. The 


fibre is readily distinguished from straw, however, by the lack of the 
prominent joints. 


LivE Oak (Quercus virens.) Figure 67. 


The fibres are slender, of medium length, with blunt ends. They 
do not taper. Masses of nearly transparent fragments of the medul- 
lary rays are common. Sausage shaped links of small cells occur. 


MaGnouia. (Magnolia acuminata, M. Frasert.) Figures 68, 69. 


The fibres of magnolia are short, resembling those of the tulip 
tree. They are rather broader, however, and not so tapering at the 
ends. The fibre is rougher, harsher, and shows greater tendency to 
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fraying at the ends, In many of the fibres a peculiar “ feather- 
stitch’ marking is noticeable. The cells, which are about the same 
size as those of tulip, are narrower and are of two general forms. 
One kind has a partition or line running lengthwise and cross-mark- 
ings at intervals like the bars of a gridiron. (Figure 68a) The 
ends are cut off slantwise and show markings where the longitud- 
inal septa emerge. The others, which seem fairly characteristic of 
M. Fraseri, are long and narrow with one or two prominent longi- 
tudinal lines. (Figure 69.) The surface seems covered with large 
cellular markings which are quite different from the gridiron markings 
of M. acuminata. 


TuLip TREE. (Liriodendron tulipifera.) Figure 70. 


The fibres are short, broad and tapering to a point at the ends. 
The cells are numerous and characteristic. They are not very long 
compared with the width and are divided longitudinally by septa 
which show as lines on the ends. The ends are roundly pointed 
and cut off at a slight angle. The pores are large, open, and regularly 
arranged as at a. Longitudinal creases or folds are quite marked. 


Sweet Buckeye. (4sculus flava.) Figures 71, 72. 


The fibres are short, not so long as those of tulip and not so short 
as pawpaw. The cells are of small size but long in proportion to the 
width, roughly about 6 or 8 to 1. They are more pointed at the 
ends than in tulip and the marks on the end are absent. Cells in 
which five or six short rectangular cross bars occur are common. 
(Figure 72.) 


Hotiy. (//ex opaca.) Figure 73. 


The fibres oftholly are of medium length, covering about the diame- 
ter of the field ( X 60), although many are much shorter. They are 
quite straight, narrowing to a sharp pointed end, in many cases to a 
“bayonet” point. The cells are large, prismatic, transparent, with 
several longitudinally parallel series of cross markings. The pulp 
contains a great proportion of short, nearly transparent material with 
practically square ends. Some of the bits are nearly as broad as long; 
they show by polarized light a row of dots running lengthwise through 
the middle. 
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CHESTNUT. (Castanea vesca.) Figure 74. 


The fibres are for the most part short, nearly straight, transparent 
even by polarized light. The ends are tapering but not sharply de- 
fined. The cells are few, transparent and not especially characteristic. 
There is a great quantity of transparent material similar to that de- 
scribed under holly, varying in length from nearly the diameter of the 
field to a length not much greater than the breadth. Many are joined 
side by side, 


Pawpaw. (Asimina triloba.) . Figure 75. 


The fibres of pawpaw are very short and pointed like small double- 
pointed wooden toothpicks. They are much shorter than tulip. The 
cells are not very numerous. They are very short and blunt, the 
length being not much greater than the width. The ends are oblique 
and at a slight angle with each other. The pores are numerous, small, 
and close together. 


TREE OF HEAVEN. (Adlantus glandulosus.) Figure 76. 


The fibres are short and tapering from the centre toward each end. 
They are broad in proportion to the length. The ends are sharply 
pointed. Some of the fibres show a play of colors from brown to 
bright blue as the analyzer is rotated. There are also peculiar charac- 
teristic masses as shown in Figure 76; large, irregular in shape, 
usually squarish, with large square markings resembling paving blocks. 


Maple. (Acer spp.) Figures 77, 78. 


The maple fibres are mostly short, tapering toward the ends, in 
some cases with a “ bayonet ”’ point. Some of the ends are broken or 
frayed. The cells are numerous and of several kinds. One kind 
(Figure 78), prismatic, with large open pores, is very similar to cotton- 
wood but considerably smaller. Some (Figure 77) are short and 
dumpy, the narrowing toward the ends beginning near the middle. 
A few of the cells have chisel-shape ends. The markings are large, 
coarse, open, like square paving blocks. Still another kind is almost 
exactly like those of sorghum bagasse. (Figure 58.) 
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BLACK CHERRY. (Prunus serotina.) Figure 79. 


The fibres are short with ends bluntly pointed, usually torn or split 
into two or three jagged points at the ends. The cells are numerous, 
of medium size, transparent, with the ends cut off obliquely, giving a 
triangular appearance. 


WiLLow. (Salix spp.) Figure 80. 


The fibres of willow are very short, resembling those of pawpaw, 
but with a greater number of the broader ones which do not taper to 
so sharp a point. The two kinds are present in both pawpaw and 
willow pulp, but the second kind is more numerous in willow.. The 
cells, which are very few, ate larger than those of pawpaw ; they are 
short and broad with slanting ends. (See Figure 93.) 


MECHANICAL Woop. (Leaf-beafing trees.) Figures 81, 82 


The description of mechanical wood on page 289 applies also in this 
case, the principal difference being in the presence of the charactcr- 
istic cells which in many cases serve to distinguish the source of the 
pulp. 


In connection with the wood fibres it has further seemed of interest 
to add a few illustrations, showing the way in which the various ele- 
ments used to distinguish the fibres actually occur in the wood during 
the process of growth. This is readily shown by the examination of 
thin sections cut from the wood in certain directions. 


As typical of the leaf-bearing trees may be taken the QuUAKING 
Asp, (Populus tremuloides). Figures 83-85. 

Transverse section. (Figure 83.) In this the large openings which 
are shown are the cells. It will be noticed that these are larger and 
more open insone part of the field than in the other, this being a dif- 
ference between the spring and the autumnal growth. The lines 
crossing the cells are the divisional septa, which in the pulp show 
as lines on the ends of the cells. The larger parallel lines running 
across the field are the medullary rays. 

Radial section. (Figure 84.) This section shows the ce//s in the 
midst of the fibres and also the medu/lary rays at right angles to the 
fibres like a lattice-work. 
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Fic. 93.— SECTION OF YELLOW WIL- 
Low. Polarized Light. X 60. 


G. Woodman. 


X 60. 


X 60. 


Fic. 94. — SECTION OF BAsswoop. 


Polarized Light. 








x 60. 
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Tangential section. (Figure 85.) The cells are clearly shown to- 
gether with a view (edge-wise) of the medullary rays. (a, a.) + 

The sections of BLack Spruce, (Picea nigra), Figures 86-88, 
may be considered typical of condfers. 

The transverse section (Figure 86) shows still more clearly the 
compression of spaces in autumnal as compared with the spring growth. 
The medullary rays are also clearly shown. 

In the radial section (Figure 87) are shown the fibres with circular 
discoid markings or cups (a), which show as crosses by polarized 





light. 
' The tangential section (Figure 88) shows the medullary rays and 
| also the fibres, viewed edgewise, exhibiting depressions, which are the 
cups that resemble discoid markings in other positions of the fibre. 
i Further views of some of these characteristic features are also 
‘ given in some of the other sections. (Figures 89-94.) 
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CONTRIBUTIONS FROM THE LABORATORY OF SANITARY CHEMISTRY. 
V. 
NOTES ON OSCILLARIA PROLIFICA (Greville). 
By ISABEL F. HYAMS anp ELLEN H. RICHARDS. 
SEconD PAPER: CHEMICAL COMPOSITION. 


In close connection with the life history of the plant as presented 
in the previous paper! is its chemical composition and that of the 
water in which it grows. 

As in other relations, so in this, the plant under consideration 
may be considered a type of the class of blue-green algze, of which one 
or other members causes much trouble both at the waterworks and to 
the consumer ; and some knowledge of the type may lead to a general- 
ization of value in dealing with the class,— for this reason the study 
has been continued. There are other and more general deductions to 
be drawn from the circumstances of growth and decay which will be 
discussed in later papers. 

The analysis of the plant as made and reported in a paper, an ab- 
stract of which was published in the Proceedings of the American 
Association for the Advancement of Science,? is given in the following 
table in connection with others made subsequently. 


‘Contributions from the Laboratory of Sanitary Chemistry. IV. TECHNOLOGY 
QUARTERLY, Vol. xiv, No. 4, December, 1901. 


* 1898, p. 234. 
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TABLE I. ParTIAL ANALYSES OF DRIED OSCILLARIA. PER CENT. 








Fe,05, | oe 














| 1 
1898. | No. SiO,. Al,Os. POs. SOs. N. | CaO. MgO. | Asx. | Motsturg. 
= ex —— Ee = a are 
1 32); = 107 1.75 | 11.0 0.35 0.13 3.37 — 
| 2 - |}. - | oe 1.75 | 10.3 -_t— a — 
ne | | 
Young, green | 146 | 40 | .89 _ | 900; — | — | 450 _ 
1g01 | 
a a | 6.1 
Mature, brown 290 | .50 54 — 7.90 — — te mex 
One year old? | 2.82 | 2.12 _ ~ - 0.35 0.33 6.7 8.4 
Portion of old. - | =— 038 0.46 _ = a = 4.5 
Two years old | 129 ; — —_ _ ae 





| 
| 
| 
_ — | 047 | 049 | — —_ | 





TABLE II. ANALYSIS OF THE WATER AT SURFACE. Parts per 100,000. 





1901. SiO,. Aloe MnO. CaO. MgO. | SOs. | cl. 
Sahinients Be cic ae Fae Ween, Fe sik 
Jeng at 50 t 436 | 070 | 01 1.31 55 1.09 | 90 
August. | | -56 | 
ma. ${| -380 | .093 | om | 138 a | te |} a 


1 This sample contained also MngQ,, 0.20; K,O, 0.57; Na,O, 2.6. 


The proportion of silica seems very high and with some other 
characteristics indicates an approach to the condition found in diatoms. 
This large amount of silica accounts for the remarkable stability of 
the framework or tissue of the plant which persists the year around in 
heat and cold, a tissue so characteristic that there is no mistaking it 
under the microscope whatever the character of the cell-contents may 
be. These contents vary in amount, in color, and in chemical charac- 
teristics. Only one seems constant and that is the colorless saponin- 














310 Tsabel F. Hyams and Ellen H. Richards. 


like substance which is set free to such an extent that the water 
froths whenever stirred by the wind as if it contained a liberal supply 
of soap bark. This substance surrounds the fibres like a jelly and 
causes them to adhere to stones and to form clots. 

Especial interest attaches to that portion of the cell-contents 
which is concerned in the vital activity of the plant, — the protoplasm 
and that which corresponds to chorophyll. The interest is only in- 
creased by the changes in color from dull to bright blue-green and to 
reddish-brown and bright purple. We have proved that there is a 
real substance having a red color depending on its chemical com- 
position, and not, as has bee assumed, resulting from “ the refraction 
due to the presence of large numbers of gas vacuoles as suggested by 
Kleban.’”! 

A discussion of the chemical character of this and other substances 
extracted from the plant will form the subject of the next paper. 

During the year 1901, determinations of phosphates in the water 
were made at intervals by Mr. A. G. Woodman, with the result that 
while the clear water contained as a rule 3.7 parts per million (P,O,), 
when the growth was at its height all traces of phosphates had dis- 
appeared. 

During the same year, 1901, almost daily determinations of carbon- 
dioxide dissolved in the water were made from March to October. 

To summarize the result, it may be said that the upper layers of 
water held about five parts per million, the usual amount in surface 
waters, but whenever the Oscillaria grew vigorously, this carbon- 
dioxide disappeared and the water became not only neutral but 
alkaline. With the decay of the plant, the alkalinity disappeared 
and carbon-dioxide again became normal and in one or two instances 
appeared in excess. Owing to the peculiarities of the season, this 
change took place several times. An abundant growth of Oscillaria 
appeared in August of that year, but in the water of so high a 
temperature it showed itself in large clots held by its own gelati- 
nous envelope and the color was a light dirty green. In four other 
ponds infested with Anabzena, the same phenomenon of alkalinity in 
the period of growth was observed. 

Thus it may be said that the presence of phosphates and carbonic 





* Dr. G. T. Moore. Soc. for Plant Morphology, Science, 1900. 











Notes on Oscillaria Prolifica. 311 


acid, as well as of nitrogen, are at least favoring conditions for 
increase. 

Whether this plant is able to take free nitrogen from the air 
or only from ammonia and nitrates in the water has not been 
determined. 

In the case under consideration there is enough present in the 
water as will be seen from the following table of analyses, compiled 
from the Massachusetts State Board of Health Reports to 1895 and 
from our own work of later date.! 


TABLE III. ANALYSES OF WATER FROM JAMAICA POND. 


PERIOD OF HIGH FREE AMMONIA. (PARTS IN 100,000.) 


| | 








Date Free Ammonia Total Alb. Ammonia, | Chlorine. Nitrates. 
1887 | | 
Dec. 2 0475 .0336 78 0060 
Jan. 1] .0346 .0277 88 .0180 
Feb. ] -0324 .0258 88 .0200 
March 1 -0438 -0269 86 .0150 
April 3 0352 .0278 81 .0100 
Nov. ] | .0272 0482 85 -0250 
Dec. 4 .0300 | .0476 82 .0300 
1889 | | 
Jan. 2 .0344 .0480 84 .0380 
Feb. 5 .0240 .0620 81 | .0280 
Dec. 3 | .0504 | .0218 — | .0380 
| | 
1890. 
Jan. 3 | -0356 .0310 | — -0400 
Feb. 4 .0192 | .0266 _ .0400 
Jan. 24 | 0600 .0240 | =— | .0300 
Feb. 24 -0360 | -0288 79 .0380 
April 7 0152 .0252 | _ | .0600 
1808. | 
Aprilld | .0362 | .0691 | 86 | .0600 
ae | | | 
April 5 | .0216 -0496 | 83 | -0250 
May 8 .0240 | .0518 87 | .0400 
| | | | 
1902 | | 
Jan. 2 .0300 .0205 | 84 | .0250 





* Amer. Pub. Health Asso., Vol. 27, 411, 467. 1901. 
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PERIOD OF Low FREE AMMONIA. 





1887. 
Sept. 2 
Oct. 4 


1888. 
July 11 
Sept. 5 
Oct. 2 


1889. 
April 3 
May 2 
June 5 


1890. 
March 4 
April 2 
July 2 


1891. 
April 29 
May 27 
June 29 
Aug. 6 


1892. 
Oct. 29 


1897. 
Oct. 29 


1898. 
May 5 


1899. 
Oct. 20 


1900. 
May 8 
June 1 
Aug. 2 
Oct. 9 


1901. 
May 13 
Oct. 13 


Free Ammonia. 


.0007 


-0002 
0000 


.0008 
.0002 
.0010 
.0090 
.0032 


.0060 


-0054 
.0000 


-0002 


.0002 


0010 


.0024 
.0014 
.0013 
0054 


.0002 
-0009 


ms 
| 
| 
| 








(PARTS IN 100,000.) 


| 


Total Alb. Ammonia. | 


.0279 
.0263 


.0240 
.0376 
-0460 


.0616 
.0990 
.1600 
.0534 
.0266 
.0264 
.0196 


.0226 
.0364 
.0254 


.0330 
.0268 
-0304 
.0234 


0228 


.0432 


.1200 


0248 


-0518 
.0406 
-0262 
.0120 


.0268 
.0250 








Chlorine. 


87 


82 
81 











Nitrates. 


-0000 
-0000 


.0020 
.0020 
-0050 


.0500 
.0250 
-0030 
-0020 
-0040 
.€030 
.0120 


-0380 
.0550 
0110 


.0700 

0500 
.0300 
.0020 


.0050 


-Q000 


.0400 
0000 
.0080 
-0020 


-0300 
-0070 
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WaTER NEAR Borrom, 40 TO 50 FEEL FROM SURFACE. (PARTS IN 100,000.) 

















Date. Free. Alb. Ammonia. | Chlorine Nitrates. Iron. 
| 
1889 
July 25 .3880 .0228 | .0050 
Oct. 30 -7680 £0510 | .0030 
Dec. 26 -0464+ | .0182 | .0320 
1890. | 
Feb. 17 0118 .0166 | -0300 
March 26 .0004 -0136 -0500 
April 17 -0048 0148 -0480 
April 29 0800 0190 0280 
May 29 .2200 .0260 -0060 
July 18 4480 . 2000 | .0070 
July 31 | .6870 .0310 | .0080 
Oct. 1 | 5000 0270 | | .0150 
Nov. 13 - 1600 .O218 | -0150 
! Dec. 2 .0600 | 0244 -0200 | 
1891. 
Jan. 24 .0640 .0236 .0320 
Feb. 24 0464 -0234 79 .0400 | 
April 7 | .0184 .0286 _ -0600 


(Lowest this year) 


1892 | 


Oct. 29 4420 0956 78 -0000 -4100 
1894. 

Aug. 22 .6080 -0536 94 -0040 .6000 
1g0l. 

Aug. 6 .3500 -0680 -0030 .2250 


The amount of fresh food material brought in by the brook during 
the past fifteen years has been considerable, but on the other hand, 
the removal of several houses, of the ice houses with their stables, 
together with the care of the surface by the Park Commission must 
all have tended to a lessening of soil contamination in the immediate 
vicinity. The average underground water is also shown in a series of 
) analyses of water within a few hundred feet of the pond. 
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According to Professor W. O. Crosby, this body of water is 
supposed to lie in a “kettle hole” in modified drift or in a basin 
formed by the melting of a block of ice left in the ground in the 
progress of surface modifications by glacial action. 


Notre: — The year 1902 has brought no recurrence of the ‘‘ blooming ’’ time of Oscillaria 
in the water. ‘here are several circumstances which have influenced this; first, abnormally 
high temperature in March and April which started the growth at an earlier date than ever 
before; second, protracted cool weather in June and July with exceptionally high winds 
which kept the water stirred to a considerable depth — only once in the whole season and 
that on a morning with cold, heavy fog, has the surface been still since April until August. 

Another factor has been the introduction of a flock of ducks and a pair of swans. 
Whether they have fed upon the plant or whether they have cleared out the mosquito larvz 
which were formerly more abundant than this year and which might furnish food by 
decay, or whether their influence has been nil, cannot be determined. Certain it is that the 
absence of the former abundant growth, so thick as to make the water opaque, has per- 


mitted the fish to thrive. Not since 1886 has the water been so thick with small fry as 
during this July. 





Church's Diagrams. 


BOOK REVIEWS. 
CuHuRcH’s DIAGRAMsS.} 


In spite of the numerous criticisms that have been launched at 
Kutter’s formula for computing the flow of water in open channels, 
the fact that it has been increasingly used in this country for nearly a 
quarter of a century shows that it has great merit. The necessary 
uncertainty, however, generally attending the selection of the very 
important ‘coefficient of roughness” renders the results to be ob- 
tained from diagrams of moderate size practically as satisfactory as 
those from numerical computation ; while the rather complex shape of 
the formula has from the first led to its being applied graphically, for 
mere economy’s sake. 

Professor Church’s diagrams are six by eight inches in size, and 
eleven in number. Each diagram shows, with sufficient exactness, for 
some one value of Kutter’s coefficient of roughness, the varying re- 
lations between slope of channel, hydraulic radius, and mean velocity. 
Those values of the coefficient most likely to be used in engineering 
practice are included, the whole set ranging from 0.009 to 0.035. 

By aid of these diagrams, problems as to the carrying capacity, 
proper dimensions, or necessary slope, of sewers, aqueducts, canals, 
and other channels may be quickly solved; and the high reputation of 
the author for careful and exact work gives one confidence that the 
diagrams have been accurately prepared. 

DwiGHt Porter. 





* Diagrams of Mean Velocity of Uniform Motion of Water in Open Channels, based 
on the Formula of Ganguiliet and Kutter. By Irving P. Church. New York: Wiley. 
1902. $1.50. 














